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| SMALL ORDERS 


The same courteous prompt service 
by bearing experts go into every 
order at Bound Brook’s newly ex- 
panded production facilities. There 
is no penalty for small orders — 
regardless of quantity. 
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install performance-proved 


ALEMITE ‘TRI-DUTY’ AIRLINE 


Complete Alemite package assures 
cleanest, driest, best-regulated lubri- 
cation of air tools, air cylinders, air 
motors, and many other types of air- 
operated equipment. Specifically de- 
signed for extensive service life and 
peak efficiency under adverse operat- 
ing conditions! 


1) Automatic Water Separator. Re- 
moves all of condensate, all the time. 
Traps dirt particles to prevent dam- 
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age to sensitive airline devices. Han- 
dles all airline pressure up to 200 PSI 
and flow volume from 5 to 50 CFM. 


2) New Air Regvlator with Gauge. 
Assures accurately controlled air— 
prevents erratic operation and dam- 
age to equipment. Design permits in- 
let pressures of 250 PSI—adjustments 
up to 125 PSI. Excess air pressure 
‘bleeds off,’’ within regulator, 
instantly. 


Controls. 


Name 
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CONTROLS 


Gautomatic Airline Lubricator. Com- 

pensating ball valve design controls 
air flow. Oil particles are atomized for 
most efficient transmission through 
supply lines. Result—uniform mixture 
regardless of air pressure and volume. 
Oil and air mixture proportionately 
constant. Reservoir may be filled at 
any time, assuring continuous opera- 
ticn. Nine-ounce capacity. 


Mail coupon for full details! 


Alemite, Dept. BB-79 
1850 Diversey Parkway, Chicago 14, Ill. 


Please send me all the facts about Alemite’s new “‘Tri-Duty” Airline 








Company........ 
a Address... 
1850 Diversey Parkway, Chicago 14, Illinois City 


Zone... 
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Jet brake cup — LS-53 


Synthetic lube diaphragm — LS-53 


Drop-off tank seal — LS-53 


Ghemical pump liner — Viton 


Diesel equipment 
seal — Viton 


For advanced fuel...hydraulic...lube systems, 


New materials prove ideal in handling 


temperature extremes —350° F. to +750° F. 


Working with two remarkably versatile elasto- 
mers, C/R Sirvene engineers are producing flexi- 
ble molded parts for many vital fuel, lubricating, 
hydraulic and pneumatic systems. One, Viton-A*, 
can be compounded to produce parts that func- 
tion dependably at 600° F., and for short periods 
up to 750° F. The other important feature of Viton 
compounds is their excellent resistance to cor- 
rosive chemicais, chlorinated solvents as well as 
both synthetic and petroleum base fuels and lubes. 
At the other extreme, C/R compounded Silastic 
LS-53** parts are providing low temperature op- 
eration down to -80° F. They also exhibit excel- 


* DuPont registered trademark 
**Dow-Corning registered trademark 


lent resistance to synthetic and petroleum base 
fluids up to 350° F., and function well in propane 
up to 500° F. For temperatures as low as -350° 
F., C/R recommends Teflon* compounds. 

C/R Sirvene engineers have an intimate knowl- 
edge of these elastomers. They also have perfected 
special techniques in processing which still further 
improve the physical properties of the molded 
parts. If your problem involves high or low tem- 
peratures, cluse tolerances, and compatibility in 
advanced design fuel, lubricant or hydraulic sys- 
tems, get in touch with us at once. We have the 
skill and the facilities to help you. 





SIRVENE DIVISION, 122] ELSTON A\'ENUE * CHICAGO 22, ILLINO!S 
Offices in 55 principal cities. See your telephone book. 
In Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd., Brantford, Ontario 
Export Sales: Geon International Corp., Great Neck, New York 
c/R propucts: C/R Shaft & End Face Seals « Sirvis-Conpor mechanical lea‘her cups, 


packings, boots « C/R Non-metallic gears 
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How to avoid a common cause of machine downtime 


Even well designed and engineered 
machines can turn out to be big head- 
aches. Common cause: Downtime due 
to excessive maintenance of electric 
controls. 

Electrically operated machinery is 
only as good as the controls which 
govern its operation. Minimum electri- 
cal maintenance means less machine 
downtime. 

Hint: To insure maximum operating 
efficiency for your machinery, check the 
above photograph. It shows the contact 
tips (at right) from a Clark Type “CY” 
A-C Motor Starter after one year of 
continuous service with frequently as 
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many as 5,000 operations per hour. 
Compare them with the new, unused 
tips at left above. 

See for yourself that except for slight 
discoloration and minute pitting the 
used contact tips show very little evi- 
dence of wear even after one year of 
steady operation. Many more years of 
reliable, maintenance-free (and down- 
time-free) service are assured. 

Clark’s exclusive “arc quenching” 
principle, which works through the use 
of strong, multi-turn magnetic blowouts 


and double-break contacts, is the answer. 


The action of the magnetic field not 
only forces the arc to rotate, moving it 


he 


continually over contact surfaces, but 
tends to “quench” it at the same time. 
As a result, there’s less wear on contact 
tips and a substantial reduction in 
maintenance requirements — much less 
machine downtime. 

There are many more good reasons 
why the Clark Type “CY” Starters will 
control your machines better —help 
them to put their “best foot forward” 
and keep it there. For all the facts on 
Clark “CY” Starters, as well as space- 
saving “PM” Relays and other controls 
in Clark’s “standard of quality” line con- 
tact your nearest Clark Controller sales 


office or distributor. Or, write direct. 
9S2 


CLARK CONTROLLER 


Everything Under Control * 1146 E. 152nd St. Cleveland 10, Ohio 
J IN CANADA: CANADIAN CONTROLLERS, LIMITED © MAIN OFFICES AND PLANT, TORONTO 
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Turbofans Will Power New Jet Airlings 











Designed for short-medium haul service, Douglas Aircraft 


Corp.'s new DC-9 will take advantage of high-power-to- 
weight, fuel-saving turbofan engines. 
liner, resembling the bigger, longer-range DC-8 in appear- 
ance, will carry 68-92 passengers for distances up to 2500 
mi. Its four Pratt & Whitney JTFIOA-1 turbofan engines, 
each developing a constant 8250 Ib thrust at sea level (up 
to a 90-F day), will give the craft DC-8 speed, but.make 
it competitive in economy and performance with the piston- 


The swept-wing air 


powered DC-6 on short-haul flights. 
on DC-8 and 9 are shown below. 


Size-—Performance 





Comparative data 


DC-9 DC-8 





Span (ft) 
Length (ft) 


Range, max (mi) 


Rugged Printed Circuit Won't Melt at 1300 F 


Wires Are Fired on Alumina 
In High-Temp “Molumina” Board 


STAMFORD, Conn.—-Temperature re- 
sistance to 1300 F is inherent in 
a new printed circuit developed by 
Advanced Vacuum Products Inc. 
Substrate or base material on which 
the wiring is printed is alumina— 
an oxide cf aluminum so hard that 
only a diamond can cut it. Wiring 
is a molydenum-manganese com- 
pound. 

After being fired on the board, 
the wiring compound is brazed. The 
resulting bond is so rugged that the 
circuitry cannot be torn or removed 
without breaking the ceramic board 
According to AVP’s production man- 
ager, George L. Heitman, the 
Molumina circuits are still in the 
development stage. 


Capacity, no. passengers 68-92 
Takeoff weight, max (Ib) 


Speed, average cruise (mph) 


94 139.7 
103 150.5 
116-176 
119,330 287,500 

2590 5830 
528-584 ; 590 


Low-G Drive Described 
For Vehicle in Space 


Ionic Propulsion Suggests 
Cable-Car Spacecraft 


SEATTLE — Nuclear-ionic propelled 
spacecraft with radioactive power 
supply separated from the passen- 
ger cabin was suggested by Dr. Gail 
B. Shook, Lockheed Missiles and 
Space Div., Sunnyvale, Calif., at 
the recent AIEE summer meeting. 
Dr. Shook envisions the passenger 
compartment connected to the pow- 
er supply by a mile-long coaxial 
cable. 

The unique approach to an ionic 
low-thrust engine involves direct 
conversion of nuclear power to elec- 
trical energy. It bypasses one step 
in the normal thermal-to-mechani- 
cal-to-electric conversion. The plan 
is reportedly “within our technical 
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 X-4 ai Co) - W-¥-Taal ol (= 
TEST BAR 


The steel bar that has 
high strength WITHOUT 
HEAT TREATING 


Yes, La Salle invites you to test a sample bar of 
the remarkable new FATIGUE-PROOF. This 
amazing new material is its own best 
recommendation . . . as proven by the many 
original equipment manufacturers who have 


already tested (and are using) FATIGUE-PROOF. 


If you are making parts requiring strengths in 
the tensile range of 140,000 to 150,000 psi, and 
want to eliminate the expense or problems of 
heat treating... if you want to save production 
costs with a bar that machines faster (25% 
faster than annealed alloys—50% to 100% faster 
than heat treated alloys) and gives you a beautiful 
finish, too... if you want to improve the quality 
of your product while saving money, send us a 
blueprint, drop us a note giving application 
details, or better yet... pick up your telephone 
and call a La Salle sales engineer (REgent 
4-7800, Chicago, Illinois). 


July 9, 1959 








City 


Name 
Title 
Company 


Address. 


MADE BY THE PROCESS 


Elevated Temperature Drawing 
ee ee 
FREE 


Get your copy of “a new material,” 
a 24-page booklet which gives 
detailed information on La Salle 
“FATIGUE-PROOF’® steel bars. 


a Salle STEEL CO. 


1426 150th STREET e HAMMOND, INDIANA 


Manufacturers of America’s Most Complete 
Line of Quality Cold-Finished Steel Bars 





Please send me your “FATIGUE-PROOF” Bulletin. 
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capacity.” 

Weight and size reductions of 
propulsion components are reported 
sufficient to make the system prac- 
tical for propelling a vehicle once 
it’s in outer space. Also, because 
the passenger compartment is sep- 
arated from the power supply, nec- 
essary shielding can be reduced. 
Weight of lead shielding required 
has so far been the major argument 
against nuclear power for planes or 
spacecraft. Since, in the gravity- 
free environment, the cable would 
be subjected to only small stresses, 
there is no reason such a system 
would not prove practical. 

Details of the proposed propulsion 
system include a 1000-kw power 
supply to provide a thrust of 0.001 
g—all that is needed for “in-space” 
propulsion. The reactor would con- 
tain 200 kg of fully enriched uran- 


Vacuum-Lifting Lift Truck 





ium, allowing about one year of 
full-power operation. 

A larger cylinder would serve both 
as reactor housing and as power 
converter. A double liner shell 
would be used. Hair-thin space 
between walls of the liner would 
be divided into tiny power-produc- 
ing cells. Intense heat from the 
reactor—about 2100 C—would boil 
electrons off the inner liner and 
condense them on the cooler outer 
skin. Electrons condensed in therm- 
ionic cells are transformed into volt- 
age. 

Electrical energy generated would 
be transmitted via cable to the ionic 
propulsion chamber at the rear of 
the space vehicle. Here cesium, the 
fuel supplied, would vaporize and 
ionize from the heat produced in a 
tungsten matrix. Ionized particles 
would be accelerated and squirted 
out a nozzle to provide thrust. 


Vacuum powered attachment designed for lift trucks simplifies handling of major 
household appliances and other cartoned goods. Developed by Yale & Towne 
Mfg. Co., Philadelphia, the vacuum lift holds up to four filled cartons at a time. 
It eliminates clamps and fork arrangements at the front of the truck, and greatly 


increases the truck's maneuverability. 


Each of the four 12 by 12 in. cups has 


a holding power of approximately 1300 lb. Sensing devices actuate solenoids 
to transfer vacuum pressure from reservoir to cup as soon as contact is made 


with the load. 


The attachment is designed for use only with treated cartons 


whose porosity has been approved by; Yale Material Handling Div. 
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Topics 


Russians are flying model airplanes, 
not for fun, but to study the lower 
atmosphere. Meteorgraphs are carried 
aloft by radio-controlled monoplanes 
which are of the pusher type to pre- 
vent motor heat from affecting read- 
ings. Very accurate readings can be 
made of altitude of low clouds’ lower 
boundaries, because the models can be 
held directly below and near to clouds. 
They fly to nearly 20,000 ft. 
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Tireless tape recorder plays a two- 
hour recording then repeats it until 
the tape magazine is changed or the 
machine is turned off. The first tape 
magazine to play continuously by 
eliminating all threading, rewinding, 
reversing, or flipping, Fidelipac forms 
a continuous loop. It is unwound 
from one spool at the center and re- 
wound automatically on the outside 
of the same spool. Operation of the 
player is described as “as simple as 
mailing a letter,” probably because 
that’s the way the machine works: 
The magazine is slid through a slot 
to start the music and slid out again 
when it has played. Fidelivox is the 
name of the player; both magazine 
and player are made by Fidelivox- 
Fidelipac Div., Waters Conley Co. Inc. 
of Delaware, Skokie, Ill. 
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Bingo is mechanized by means of a 
marker-dropping device patented re- 
cently. The plastic dispenser has a 
hopper to hold markers and a chute 
with a mechanical finger at the end. 
The player holds the chute over a 
card, quickly and easily releasing 
chips where they are wanted. The 
little gadget enables a real bingo-ite 
to play numerous cards simultaneously 
without danger of spilling a handful 
of markers. 

a a 


Fission and French horns are joined 
in contemporary music. “Overture for 
a Nuclear Reactor” will be presented 
for the first time this year by the 
Oak Ridge Symphony Orchestra. 

os 6 * 


The light barrier will never be brok- 
en; therefore, man will never be able 
to reach other solar systems, according 
to two leading space scientists. Dr. 
James A. van Allen of the State Uni- 
versity of Iowa and Dr. Homer E. 
Newell Jr., assistant director of NASA, 
concur in the theory that radiation 
would deteriorate exposed surfaces of 
a space rocket. At only one-third the 
speed of light, each square centimeter 
of a space craft would be bombarded 
by 9 billion protons and 9 billion 
electrons per second. 
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...and actually 
over 98% efficient 


LINK-BELT 3/16” PITCH SILENT CHAIN 


Complete drives as small as two inches! Weight as little as .07 
pounds per foot! Efficiency better than 98% ! Link-Belt 3/16-in. NO CHORDAL 
pitch silent chain is the perfect combination of compactness 


and split-second precision. DISTURBANCE! 


At high or low speeds, this chain is quiet, positive, smooth. 


In fact, with its unique link design, it’s the smoothest-running LEE 
chain in use today. In many limited-space applications, it has ft ‘ rrec KONO) 
replaced expensive, precision-cut gear trains. And its versatility Qf EN SA 





makes it ideal for a wide assortment of equip- 
" ment—ranging in diversity from cigar-making —— 
He itch machines to guided missile controls. 

ctor cain Available in carbon and stainless steels . . . 


uncon “SN PITCH LINE 


for ratios up to 12:1, speeds over 7500 rpm. 
For full details, contact your nearest Link-Belt 
office. Ask for Book 2510. 


Exclusive link form of Link-Belt 
3/16-in. pitch silent chain permits 
chain to enter the sprocket wheel 
on a line tangent to its pitch cir- 
cle, thus eliminating the undesira- 
ble effects of chordal disturbance. 








} 
LO PPE 





SILVERSTREAK SILENT CHAIN DRIVES 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants, Sales Offices, and Stock Carrying 
Distributors in All Principal Cities. Export Office, New York 7; Australia, Marrickville (Sydney); Brazil, Sao Paulo; Canada, Scarboro (Toronto 13); 
South Africa, Springs. Representatives Throughout the World. 15,160 
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Welded Tube Approved 
In New JIC Standard 


CLEveELAND—New JIC standards for 
hydraulic-line tubing now include 
high-quality welded-steel tubing. 
Standard for welded-steel tubing, 
found in appendixes to revised 
standards for hydraulic tubing, cov- 
ers chemical composition of steel, 
mechanical properties, dimensions, 
quality, and packing. 





Chemical Composition 


Content 
(per cent by wt.) 
0.18 max 
0.30-0.60 
0.050 max 
0.055 max 





Element 





Carbon 
Manganese 
Phosphorus 
Sulfur 





Dimensional Tolerance 


Nominal OD OD ID 
(in.) (in.) (in.) 


4, + 0.002 +0.005 
+0.0025 +0.0025 
+ 0.003 + 0.003 
+ 0.004 + 0.004 


Wall thickness shall not vary more than 
10 per cent 








e 
4 to ¥% 
%to2 
2to 24 





*Dorlin. 
TCE. 
' . 250 
: leo 


Expansion and pressure tests will check 
ability of tubes to withstand internal 
stresses. Ductility is measured by ex- 
pansion test (left), OD of tube must 
enlarge 25 per cent without breaking 
or splitting. Tube must withstand 
20,000 psi internal pressure or 5000 
psi hoop stress (right), whichever oc- 
curs first. 


5,000 psi 
or 


20,000psi 


Flattening tests will prove out ability 
of seam to withstand flexure stresses 
in either direction. Three-inch sections 
are cut from every 1500 ft. One of 
these is mashed flat to a height of 
three wall thicknesses, (left). The 
weld, located 90 deg from the direc- 
tion of force, must not show cracks or 
splits. Another section is opened and 
flattened from the inside (right). Weld 
must show no cracks, lack of penetra- 
tion, or overlap. 
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Drafting Machine Cuts Pipe 

Complex contours which result when different sized pipe intersect at odd angles 
are machine cut precisely and easily at the Hanford atomic plant. It's done with 
General Electric's combination of two commercially available products: A Heliarc 
cutting torch, product of Linde Air Products Co., Seattle, Wash., and a Mechanical 
Draftsman, product of Steffan Mfg. Corp., Salem, Ohio. Four dials control all 
features of the most complicated cut. One dial is set to the inside diameter of 
one pipe, another to the outside diameter of the mating pipe; a third dial con- 
trols angle of intersection, and the fourth the offset of centerlines. The machine 
takes it from there, producing a clean, beveled cut without hand-processing. 


Checker’s Taxi Groomed for New Market 


Roominess and economy are design keynotes of Checker's new Superba. The 
oft-postponed passenger-car version of Kalamazoo's reliable taxi is presently 
being offered in a six-passenger, four-door sedan, with a station wagon sched- 


uled for production later this summer. Mounted on a 120 in. wheelbase, 1 to 2 
in. longer than the ‘‘low-price three,"’ Superba is just 200 in. long, or 8 to 11 in. 
shorter than Ford, Chevy, or Plymouth. And contrary to the low-silhouette trend, 
the car is 61 in. high (56 in. is about average). Checker engineers have used 
the height to give passengers plenty of head room, and to eliminate the drive- 
shaft tunnel in the rear passenger compartment. There is even room enough 
in the rear to mount two foldaway seats. As an economy feature, Superba's 
fenders are two-piece construction, easily detachable for repair or replacement. 
Other subassemblies are said to be similarly inexpensive to service. The car 
is available with two six-cyl Continental engines—a 95-hp L-head or an optional 
125-hp OHV. Automatic transmission and all power assists are optional. Sug- 
gested price: $2541 f.o.b. Checker Motors Corp., Kalamazoo, Mich. 
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Photograph courtesy Ohio Seamless Tube Division of Copperweid Stee! Company 


Aristoloy uniform quality steel bars 


pay 


" ARISTOLOY | 
STEELS | 


ARISTOLOY STEEL DIVISION 
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off on hot piercing operations 


Few manufacturing operations match piercing of tube rounds as a severe test 
of quality. Rapid displacement of metal and immediate increase in temper- 
ature reveal internal defects ...magnify the slightest surface imperfections. 


Copperweld’s precise melting produces a prime ingot of uniform chemistry. 
Careful conditioning and rolling deliver bars that meet Aristoloy piercing 
quality specifications. Available in a full range of A.1.S.1. standard analyses. 


For complete information about Aristoloy blooms, slabs, billets and bars, in 
carbon, alloy, stainless and leaded, cal! Copperweld in your nearest large city, 
or write for NEW PRODUCTS & FACILITIES CATALOG. 


COPPERWELD STEEL COMPANY 
+ 4017 Mahoning Ave., Warren, Ohio + EXPORT: Copperweld Stee! international Co., 225 Broadway, New York 7, N. Y. 
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Space Chamber To Simulate 150 Miles Up 


First space-environment chamber capable of taking a human to a simulated alti- 
tude 150 miles above the earth will be completed in early 1960. As part of 
Republic Aviation Corp.'s development program, the chamber will be used to test 
space suits and to investigate physiological and psychological reactions of man. 
It will also aid in developing materials and components for space vehicles. The 
chamber will be 14 ft diam by 30 ft long. Specially designed pumps will pro- 
duce the ultra-low pressures found in outer space. At present, the most advanced 
chamber in existence is capable of simulating an altitude of only 85 miles. 


Ventilated Centerplate Cools High-Speed Clutch 


Cooling-air ducts are provided between ribs on mating faces of a split center- 
plate in the clutch of this power takeoff. Twin Disc Clutch Co., Racine, Wis. 
says the added cooling dissipates starting-load heat which often damages con- 
ventional centerplates. Tapered roller bearing in the power takeoff uses oil 
rather than grease for safe operating temperatures at high speeds. Bearing 
oil is provided by a slinger dipping into the sump. In normal operation (ten 
engagements or less per day) the unit needs lubrication only twice a year. 
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Urethane Torsion Coupling 
Slims Auto Driveshafts 


High-Strength Plastic Outlives 
Coupling’s Metal Parts 


Dayton, On1o—A rubber-like syn- 
thetic may be responsible for more 
room and smoother riding in 1960 
cars. 

A thin layer of cast urethane be- 
tween two metal sleeves creates a 
driveshaft torsion-elastic spring that 
will transmit full engine torque and 
yet dampen vibration and cushion 
shock. The tremendous adhesive 
qualities of the urethane material, 
known as Daycollan, make possible 
a much smaller driveshaft coupling. 
This could lead to smaller humps in 
cars of the future. 

Daycollan forms a bond with any 
surface. Both its strength and abra- 
sion resistance are termed amazing 
by Dayton Rubber Co., one of the 
largest suppliers of urethanes. In 
torque tests, metal breaks down be- 
fore the synthetic material shears. 
To approach such performance with 
prestressed rubber, four or five times 
the thickness of material is required. 

Another form of urethane is a 
plastic foam. Foam-filled tires do 
not go flat even after being fired 
upon from point blank range by ex- 
perimenters armed with rifles and 
revolvers. Tire design engineers are 
collaborating in experiments, as are 
foam experts. 


Flame-Proof Plastic 
Can Now Be Synthesized 


Mento Park, Cauir.—Plastics that 
won’t burn may soon be available. 
Although chemical makeup of a 
flame-proof plastic has long been 
known—it requires saturating the 
monomers with chlorine atoms and 
keeping the resulting monomer 
stable—the synthesis has, up to 
now, not been practical. 

Stanford Research Institute re- 
ports development of a_ successful 
synthesis technique. The chlorine 
saturated monomer has been poly- 
merized into a plastic material that 
will not support combustion—tri- 
chloropropene. The monomer may 
co-polymerize with many other syn- 
thetic materials. Potential uses for 
the new materials are legion. 
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This little lip 


makes a big difference! 


The turned-in lip at each end of Torrington Needle Bearings positively 
retains the trunnion - end rollers and makes the bearing truly a complete 
unit, with no possibility of roller fall-out. 

This unit construction simplifies installation and servicing. The closely 
controlled clearance and the large area between cup lips and shaft form 
an effective labyrinth seai. Also this retaining lip allows pregreasing the 
bearing with the proper lubricant for each application. 

Long experience with the Torrington Needle Bearing in thousands of 
applications has proved the merit of this and other features in efficient 
performance and long service life. Make sure your product benefits from 
the best that experience has to offer—specify Torrington Needle Bearings. 
The Torrington Company, Torrington, Conn.—and South Bend 21, Ind. 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 
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Positive roller retention 
during handling and as- 
sembly and effective lu- 
bricant sealing for many 
applications are two bene- 
fits of Torrington’s expe- 
rience-proved retaining lip 
construction. 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + NEEDLE ROLLERS + BALL + THRUST 





ENGINEERING NEWS 


Victims of heart disorder have a_ better 
chance for recovery since designers have 
teamed with medics to develop a new trans- 
istorized heart control. For permanent con- 
trol, patients can even be.. . 


Wired for Life 


A POCKET SIZE electronic instrument that can substitute for 
nervous control of the heart has been developed by Atronic 
Products, Inc., Bala-Cynwyd, Pa, With it, malfunctioning 
hearts can be stimulated to near normal activity. Rate and 
strength of pulse can be controlled to avoid exceeding the 
capabilities of a weak heart. 


Current source in the 
Atronic Pacer gives a 
measurable and _ repro- 
ducible impulse to the 
heart regardless of chang- 
ing impedance that accom- 
panies changes in physical 
state of the patient. Dial 
was installed because phy- 
sicians trained with elec- 
trocardiographs could _in- 
terpret swings of the nee- 
dle more readily than the 
flashing lights previously 
used. 


Production version of electrode is inserted (left) with the aid of a standard hypo- 
dermic needle. Shank of needle and wire are insulated with 0.002-in. Teflon 
coating. Anode attached directly to patient's chest is a standard surgical needle. 
Needle is withdrawn (right) after successful attachment. 


Small electric currents cause a 
muscle to contract just like nerve 
impulses, which are themselves elec- 
tric currents. Machines that time 
and deliver electric impulses to trig- 
ger heart action, called pacemakers, 
usually require an open incision of 
the chest so that electrodes can be 
attached directly to the heart muscle. 
Needless to say, such an operation 
is quite a physiological shock to an 
already-ailing patient. Attempts to 
attach electrodes to the outside of 
the chest, although somewhat suc- 
cessful, introduce too many variables 
between the heart and the electrode. 

The Atronic pacemaker has a 
unique electrode built to be inserted 
directly into the heart muscle with- 
out major surgery. In prototype mod- 
els, a hollow needle with a telescop- 
ing sleeve penetrates the chest wall; 
the sleeve extends until the end con- 
taining the electrode contacts the 
heart. Then the sharp tip of the 
electrode, with a specially built stop 
to control depth of insertion, is 
pressed into the heart muscle. 

Production models are even sim- 
pler:; Wire is threaded through a 
typical hollow hypodermic needle 
and folded over at the end to form 
a type of barb. Guided by signals 
from the heart, the surgeon inserts 
the hypodermic needle containing 
the folded-over wire into the heart 
muscle at the proper spot. The 
needle is withdrawn, leaving the 
flexible wire to follow beating mo- 
tions of the heart. 

An active heart is continually 
sending signals from its natural 
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pacemakers, and these can be re- 
ceived through the electrode and 
read on a dial to steer the surgeon 
to a very precise location of the 
electrode in relation to the heart. 

For hearts too sick to send a read- 
able signal, the pacemaker is 
equipped to start sending a weak 
version of its pulsed signal. By read- 
ing impedance to this signal, the 
surgeon can judge when the elec- 
trode has made proper contact. 

The transistorized, battery-oper- 
ated model is small enough for a 
doctor to carry in his bag, or for 
an ambulatory patient to wear com- 
fortably on a belt or in a pocket. 
Batteries can be tested or changed 
without interrupting the pacemaker 
function. When not being used 
actively, the pacemaker may be used 
to monitor the function of a weak 
heart. 

The pacemaker is used to revive 
or stimulate heart action after in- 
jury or shock; it may be used after 
heart massage or other emergency 
treatment for long-term stimulation; 
it can be connected as a monitor or 
stimulator for several days after 
cardiac arrest or surgery to carry 
the patient over the first critical 24 
to 36 hrs; it is also used to counter- 
act heart blocks from heart surgery 
or disease. 


Hollow needle and sleeve guide the 
flexible electrode of prototype pacer 
through the chest wall and cavity. 
Later the sleeve can be retracted, leav- 
ing electrode free to follow the mo- 
tion of the heart. Electrode wire is 
insulated with especially developed, 
inert epoxy coating. 


Heart signals guide electrode place- 
ment in this simple system. Wire 
folded over tip of the needle forms a 
barb-like protrusion which effectively 
prevents accidental disconnection of 
electrode. Stranded wire used in this 
version is more flexible than single- 
strand wire of prototype electrode; it 
follows heart movements with less 
strain on the anchoring point. 
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Hub assembly with integral pre- 
loaded duplex ball bearing, used 
in electronic missile system devel- 
oped by Westinghouse Air Arm. 


IN HUB ASSEMBLY 


Gives Better Accuracy, 
Weight and Cost 


Important advantages can often be 


gained by “designing in” bearings as a 
part of the unit in which they operate. 
A case in point is this hub assembly, pro- 
duced and bearing-engineered by ITI. 


Here, the two outer raceways and one inner raceway 
are formed in the hub and shaft; and the second inner 
ring — made separate to permit assembly — is close to 
a zero-tolerance fit. Compared to the usual design 
(using separate bearings), this construction gives (1) 
higher and more uniform accuracy, through elimina- 
tion of 6 radial tolerances; (2) less weight and greater 
compactness, by eliminating 3 rings; and (3) lower 
total cost. 


Other features include low running torque, labyrinth 
seals, high vibration resistance, and a dished hub held 
within .001” of the mathematically-specified contour. 


In comparable ways, you too can benefit through our 
ability to design and produce bearings having unusual 
compactness or configuration, heat resistance, corro- 
sion resistance, ultra precision, or other special proper- 
ties. Let's talk it over. 


FREE BULLETIN AFB-2 tells about the factors 
involved in special bearing applications, describes 
our work in this field, and shows a wide variety 
of special bearings. Write for it! 


INDUSTRIAL TECTONICS, inc. 


NG] “-MANUFACTURERS OF PRECISION BALLS AND BEARINGS 
3682 JACKSON RD., ANN ARBOR, MICH. 


WESTERN DIVISION PLANT: COMPTON, CALIFORNIA 
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Gear assembly improved. A Waides Truarc Series 5100 retaining ring ir this anti- 
backlash gear assembly eliminates machining and staking operations, reduces hub size, 
and allows easy disassembly, after gears are cut as a unit, for faster, better deburring. 
Typical savings: $350.00 per 1000 units. 


Threaded retainers eliminated. In this self-sealing coupling, costly internal and 
external threaded retainers were eliminated by easy-to-apply internal (Series 5000) and 
external (Series 5108) Truarc retaining rings. Savings per unit amounted to $4.02. 





End-cover design simplified. In this general-purpose pump, two Waldes Truarc, 
Series 5000, internal retaining rings make possible the elimination of two cover-plate 
castings (plus machining) and eight screws (plus drilling and tapping). Weight and dimen- 
sions are reduced and assembly and disassembly are greatly facilitated. Typical cost 
savings: $1.48 per unit. 


\ WALDES 


TRUARC 


RETAINING RINGS 


Walides Kohinoor Inc., Long Isiand City 1, N.Y. 


©1959 WALOES KOHINOOR, INC. 


Designing for 
axial assembly 
with Truarc 
retaining rings 


eliminates parts, machining, speeds 
assembly, simplifies maintenance 


The proper application of retaining rings on or 
in axial assemblies can often efiect startling 
simplifications and economies in design when 
compared to corresponding designs with con- 
ventional fastening devices. A few typical ex- 
amples, using basic types of retaining rings, 
are shown in the accompanying drawings. 

Threading, tapping, drilling, facing and other 
costly, time-consuming operations can be 
eliminated. Retaining rings are already in wide 
use in a tremendous variety of equipment rang- 
ing from household products to high-precision 
military gear designed for use under the most 
severe environmental conditions. They are 
quickly and simply installed in easily cut grooves 
which can often be machined simultaneously 
with other operations. The rings can frequently 
replace bulkier, more costly fastening devices 
—such as nuts, screws, studs, threaded sleeves 
and retainers, cotter pins, set collars, rivets 
and machined shoulders. 

What’s more, rings frequently make prac- 
tical designs which could be achieved with no 
other known fastening device. 

Although the ring types shown here are basic, 
Truarc retaining rings come in 50 functionally 
different types, as many as 97 different sizes 
within a type, 6 metal specifications and 13 
finishes. You'll find detailed descriptions of 
Truarc retaining rings and assembly tools, plus 
more than 70 typical applications in the new 
24-page catalogue RR10-58. Write for your copy 
today. 

And remember, Waldes engineers are always 
ready to help you solve your application prob- 
lems —whether it involves one of the standard 
Truarc rings or a “‘special’’ to fit your particular 
requirements. Waldes Kohinoor, Inc., 47-16 
Austel Place, Long Island City 1, N. Y. 9.1 


TRUARC RETAINING RINGS...THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 
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Editorial and Advertising content classified by subject and listed by page num- 


ber for convenience when studying specific design problems. 


For further 


information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following page. 





Actuators, Adv. 45, 186 

Adhesives, Edit. 196; Adv. 63, 176 

—- and alloys, Edit. 36; Adv. 46, 
| 


Balls, Adv. 209 

Bars, rods, and rolls, Adv. 11, 181 

Beam deflection, Edit. 153 

on materials, Adv. inside front cover, 


Bearings, 
ball, Adv. 13, 15, 21, 84, 209 
linear motion, Adv. 181 
needle, Adv. 13, 21 
roller, Adv. 13, 21, 84, 90, back cover 
thrust, Adv. 13, 21, 90 


Belts, transmission, Edit. 172, 192; Adv. 
105, 202 


Beryllium and alloys, Edit. 36 
Blowers, Adv. 45, 196, 215 
Books, Edit. 204; Adv. 220 
Brakes, Adv. 65, 214, 217 
Brass (see Copper and alloys) 
Bronze (see Copper and alloys) 
Bushings, Edit. 34; Adv. 181 
ball, Adv. 181 


Cable design, Edit. 118 


Castings, 

die, Adv. 103, 106, 192 

iron, Adv. 76 

light alloy, Adv. 103, W aes 192 
malleable — Adv. 7 


sand, Adv. 
shell- molded, Adv. 76 
steel, Adv. 
Chain, 
conveyor, Adv. 187, 1 
transmission, Adv. 9, 171, 175 


Clamps, Edit. 176, 179 

Classified ads, Adv. 161, 183, 218, 221 
Clutches, Edit. 188; Adv. 23, 65, 75, 217 
Coatings, protective, Adv. 94, 102 

Cold heading, Adv. 168 

Compressors, Edit. 185 

Computers, Edit. 28, 199; Adv. 170 
Connectors, electric, Adv. 68, 217 
Contactors, Adv. 32, 36 


Control systems, 
electric, Adv. * Ro inside back cover 
hydraulic, Edit. 


Controls, 
— Edit. 175, 189, 193, 197; Adv. 
29, 32, 36, 45, 54, 70, 79, 86, 96, 
177, 195, 203, 204, a 
hydraulic, Adv. 25, 27, 
mechanical, Edit. 117, iB: Adv. 37, 177, 
211, 222 
pneumatic, Adv. 25 
Copper and alloys, Adv. 31, 56, 66 
Counters, Adv. 52 
Couplin 
fluid flow, Edit. 130, 172, 180, 191; Adv. 
27, 100, 168, 173, 180, 216 
a Adv. 178, 187, 212 


inders, 
es... Adv. 159, 204, 215, 216 
pneumatic, Adv. 159, 204, 215, 216 


Drafting equipment, Edit. 116, 199, 200, 
a ; Adv. 91, 157, 176, 212, 217, 


Drives, adjustable speed, Edit. 187 


Electric equipment (see specific type) 

Electronics, medical, Edit. 14 

Engineering department (see Management 
or Drafting) 

Engines, Edit. 26; Adv. 82 

Extrusions, Adv. 49, 66, 210 


Facilities, general, Adv. 88 
Fans, Edit. 193; Adv. 80 
Fasteners, 
bolts, studs, screws, Edit. 182 187, 192, 
na 197, Adv. 58, 95, 191, 194, 208, 
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insert, Adv. 38, 188 

locking, Edit. 187 

nuts, Edit. 172; Adv. 38, 74, 95, 174, 179, 
185, 208 


pin, Adv. 62, 85, 214 
quick-operating, Adv. 39 
retaining rings, Adv. 16, 72 
rivet, Adv. =: 


Filters, Edit. 181; Adv. 27, 69, 97, 192 
Finishes, (see Coatings) 


Fittings, pipe, tube, and hose, Edit. 180. 
191; Adv. 100, 168, 173, 180 
Forgings, Adv. 66, 101, 174 


Gaskets, Adv. 93 


Gears, Edit. ro Adv. 40, 44, 197, 198, 
200, 205, 2 


Generators, a 79, inside back cover 


Handles, Adv. 218 
Heaters, Adv. 166, 215 
Heating, Edit. 134 
Hinges, Adv. 213 


Hose, 
metallic, Adv. 100, 173 
nonmetallic, Edit. 130; Adv. 100 


Hydraulic equipment (see specifi. type) 
Indium and alloys, Adv. 211 

Jacks, worm gear, Adv. 189 

Kinematics, Edit. 144, 210 


Lubricants, Edit. 189 
Lubrication, 
equipment, Adv. 1, 55, 69, 97 
systems, Adv. 1, 55 


Magnesium and alloys, Edit. 36; Adv. 101 
Management, engineering, Edit. 22, 34 
Meetings, Edit. 39 
Metals (see specific type) 
Motors, (electric 
fractional and integral hp, Edit. 180; 
Adv. 79, 80, 96, 98, 163, 180, 196, 
209, inside back cover 
gearmotors, Adv. inside back cover 
subfractional hp, Adv. 45 


Motors, hydraulic, Adv. 71 
Mountings, vibration and shock, Adv. 213 


Nickel and alloys, Adv. 59 


Packings, Adv. 49 

Perforated metals, Adv. 196 

Piston rings, Adv. 165 

Plastics, Edit. 141; Adv. 49, 181, 196, 210 
laminates, Edit. 176; Adv. 193 
molding, Edit. 174, 185; Adv. 169, 194 
reinforced, Adv. 194 
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Pneumatic equipment (see specific type) U S E A Y E L L O W C A R D 


ro aw. Adv. inside front cov- A) , M ore | n f orma ; i on... 


Power supplies, Edit. 202 
Pulleys (see also Sheaves), Edit. 208 
Pumps 
~ Ee. 179, 182, 206; Adv. 71, 
80, 198, 213, 216 
pneumatic, Eh 185 


CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 
ment carries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
also numbered, and for greater convenience are indexed below by Item 
Numbers. 


EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long as the 
supply lasts. Just fill in the page number and title of article in the 


Recorders, Edit. 200 

Rectifiers, Edit. 190, 198 

Reducers, speed, Edit. 174, 191, 196; Adv. 
45, 162, 198, 200, 205 

Regulators, 
ow Edit. 206, 208, 210; Adv. 27 
pressure, Adv. 1 

Relays, Edit. 193; Adv. 32, 36, 54, 70, 86 


place provided on the Yellow Card. 


Reproduction processes, Edit. 108 
Resistors, Edit. 194; Adv. 54 
Rheostats, Adv. 54 


Rubber, Adv. 60, 89 
molding, Adv. 2, 49 


Screw machine parts, Adv. 46, 66 
Sealants, Adv. 64 
Seals, Adv. 2, 49, 93, 167, 184 
mechanical, 
Shafts, flexible, Adv. 222 
Shapes, special, Edit. 185; Adv. inside 
front cover, 199, 210 
Sheaves (see also Pulleys), Adv. 202, 217 
Small parts, Edit. 185; Adv. inside front 
cover, 199, 210 
Springs, Edit. 132, 175; Adv. 214 
Sprockets, Adv. 187, 190 
Starters, motor, Adv. 5, 32, 86 
Steel, Adv. 7, 11, 42, 50, 101, 104, 199 
stainless, Adv. 50, 201 
Surfacing material, Adv. 211 
Switches, Edit. 28, 175, 189, 197; Adv. 
29, 177, 195, 203, 217 
Swivel joints, Edit. 130; Adv. 216 


Terminals, Adv. 68 

Thermal stresses, Edit. 124 

Thermostats, Adv. 177 

Timers, Adv. 29, 45, 180, 203 

Tips and Techniques, Edit. 129, 152 
Titanium and alloys, Adv. 101 

Torque wrenches, Adv. 212 

Transistors, Edit. 172 

Teens, adjustable speed, Adv. 23, 


Tubing, Adv. 50, 66, 78, 82, 210 
Universal joints, Adv. 178 


Valves, 
hydraulic, og Adv. 25, 27, 4l, 48, 


et ) , 


pneumatic, Edit. 172, 188; Adv. 25, 53, 
206, 216 


Welding, Edit. 156 ° 

Wheels, Edit. 28 

Wire and wire products, Adv. 37, 59, 92 
Wood, Adv. 196 
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Index to New Parts & Helpful Literature 


BY ITEM NUMBERS 





HELPFUL LITERATURE— descriptions start on page 164 


ITEM 
NUMBER 


Hydraulic Filter ...........--++++- 601 
Portable Switches .............++++- 602 
Magnetic Tape Recorder ..........-. 
Self-Lubricating Bearings .......... 
Clamps & Brackets ..........+.-s55 
Limit Switches .......cccccecvccece 
Chain ........ socenes 

Prefoamed Plastics ote shed eeieeeeees 
Adjustable-Pitch Sheaves .......... 
Magnetic Laminations ............+. 
Piexible Couplings ..........6ceeeees 
Hydraulic Pumps .......-essseeeeee 
Semiprecision Bearings 

Plastic Valves ...... erry es: 
Hose Assemblies & Couglings 

Mechanical Seals ....... 0ee8 
Carbide Bond Metal 


Heat Exchanger Tubing ............ 
Aluminum Hand Forgings .......... 
Tough, Hard Plastics .............. 
Nameplates & Trim ...........05005 
Electric Motor Bearings ............ 
Adjustable Speed Drive ............ 


Blind Rivets 


Nickel Tubing 

Adjustable Speed Drive ............ 
Industrial Batteries 

Fluid Power Components 
Transmission Machinery ............ 
Products Literature ..... 
Long-Stroke Seals ... 


NEW PARTS & ENGINEERING EQUIPMENT— descriptions stort on page 172 


ITEM 
NUMBER 


Self-Threading Nuts .............+.. 635 
Bolenoid Valves .........seserecees+ 636 
Flexible V-Belts ..........esesee00++ 637 
Miniature Transistor 638 
Quick-Disconnect Coupling 639 
Molding Compound ..........++++++ 640 
Speed ReducerB ......seeseeeveveces 
Liquid Spring 

Miniature Switches 

Nylon Band Clamp 

Epoxy Laminate 

Single and Double Pumps .......... 
Instrument Collars 

Valves and Fittings 

Damped Servo Motors ...........65+ 
Small Air Filters 

Socket Cap Screws 

Small Plastic Parts cecevccesesecocs 

Air Pump eee ee renccececconces 
BBV WR cc cccce vecevccccccccccce 
Locking Fasteners .............s0055 
Ball-Cam Valve 

BEngmetie Gem onc cccccccccccc cece 


ITEM 
NUMBER 
Gear Lubricant ....... 
Sampling Switch 
Silicon Controlied Rectifier ...... 
Speed Reducer vee 
Swivel Connector 
Timing Belt Drive 
Structural Rib Bolt 
Miniature Relay 
Smal) Fan 


WE TEE oc cawad os ns cnbsenecers 
Gee SE 0 cd 0sedccssavcccves 


Diazo-Type Intermediate cece 
Sr EY b:4b 6s. We-seussevsceeede> 
Vertical File 
Portable Photocopier ..........-+0+ 
ee Oe 6 bé cus cccscsscs 
Drafting Tape 
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Circle item number for information on products 
advertised or described or copies of literature. 


551 581 671 701 731 761 791 851 
552 582 672 702 732 762 792 852 
553 583 673 703 733 853 
554 584 674 704 734 854 
555 585 675 7 735 855 
556 586 676 736 856 
557 587 677 737 857 
558 588 678 738 858 

679 739 859 

680 740 860 


681 861 
682 862 
683 863 
684 864 
685 865 
686 866 
687 867 
688 868 
689 869 


Circle item number for information on products 
advertised or described or copies of literature. 


551 581 611 671 701 731 761 791 821 851 
552 582 612 672 702 732 762 822 852 
553 583 613 673 703 733 823 853 
554 584 614 674 704 734 824 854 
555 585 615 675 735 825 855 
556 586 616 676 7% 826 856 
557 587 617 677 737 827 857 
558 588 618 678 738 828 858 
559 589 619 679 739 829 
590 620 740 


591 621 741 
592 622 742 
593 623 743 
594 624 744 
595 625 745 
596 626 746 
597 627 747 
598 748 
599 749 
600 


Circle item number for information on products 
advertised or described or copies of literature. 


551 581 611 641 671 701 731 761 791 821 851 
552 582 612 642 672 702 732 762 792 822 852 
553 583 613 673 703 733 763 793 823 853 
554 584 614 704 734 764 794 824 854 
555 585 615 735 765 795 825 855 
556 586 616 736 766 796 826 856 
557 587 617 737 767 797 827 857 
558 588 738 768 798 828 858 

589 739 769 799 829 

740 800 830 


831 
832 
833 
834 
835 
836 
837 
838 
839 
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Only 8 Ounces 


We — 
Only .250° THICK 


> i 1 


12.000 
1.D. 


To} (m7 13 
RETAINER 


Save weight and space with world’s thinnest radial 


ball bearings--Cahe-\ GIN by Kaydon 


. now carried in stock in 4" to 12” bores 


HERE it is! A Reali-Slim radial ball bearing with a wire 
separator that has just short of a full complement of 
balls for maximum capacity. What’s more, you still get all 
the advantages of a separator between the balls. This design 
also gives you a bearing that’s light-in-weight and is, without 
a question, the thinnest bearing ever built in this diameter. 
Whatever your product design, there’s a small or large 
diameter Reali-Slim bearing that can be the right answer 
to your thin-section bearing problems. 
The radial ball bearing, illustrated here, is really slim — 
12.000” I.D., 12.500” O.D., .250” thick . . . and weighs only 


vue KAYUUN 


MUSKEGON+MICHIGAN 





All types of ball and roller bearings — 4” bore to 178” outside diameter... 


eight ounces. It has 9,810 lbs. static load capacity, 1,256 
lbs. at 100 rpm. Kaydon is able to produce Reali-Slim, high- 
precision bearings because Kaydon specializes in the unusual. 
Kaydon bearing engineers are prepared to give you valu- 
able help with technical, thin-section bearing problems. 
For detailed information on Kaydon’s Reali-Slim line, 
ask for engineering catalog No. 54-RS3 detailing: 


Reali-Slim Ball Bearings — Conrad, angular 
contact and 4-point contact types in seven 
standard cross sections from 4” to 1.000” and 
in bore diameters from 4” to 40”. 


Reali-Slim Roller Bearings — Radial and 
taper roller types in cross sections from %," 
and in bore diameters from 5” to 40”. 


ENGINEERING CORP. 





K-561R 


Taper Roller ¢ Roller Thrust ¢ Roller Radial ¢ Needle Roller « Ball Radial ¢ Ball Thrust Bearings 
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Top Grads 
Duck Government Jobs 


GOVERNMENT recruiting is at a 
disadvantage. While enough gradu- 
ating engineering students seem to 
be interested in governmental em- 
ployment to satisfy quantity (and 
budgetary) needs, grades earned by 
students preferring to work for 
Uncle Sam are lower than those 
earned by students preferring in- 
dustrial! and academic jobs. 

Data on job preferences of the 
59 engineering class were obtained 
through a survey of 1016 senior 
students from schools throughout 
the country. Of the students pre- 
ferring government employment, 
only 29 per cent had maintained A 
or B averages. Averages of the 
group wanting the academic life 
were much higher—65 per cent 
held A or B grades. The industry- 
bound seniors boasted 46 per cent 
B or better averages. 

The largest subgroup surveyed 
was 388 electrical engineering ma- 
jors. Here, 42 per cent with gov- 
ernment-employment aims were A 
or B grade people. Relative stand- 
ing was the same however, for 74 
per ceri! the academic people 
and 51 per cent of the industry 
people earned A or B averages. 

The second largest subgroup was 
made up of 286 mechanical engi- 
neering majors. Here, results were 
again essentially the same. 

Students preferring a job area 
did not necessarily expect to find 
work in that area. The majority of 
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C students preferring the academic 
career expected to find government 
or industry jobs, possibly because 


they felt they could not ob- 
tain campus jobs. The num- 
ber expecting government employ- 
ment was considerably higher than 
the number preferring it. How- 
ever, about the same _ percentage 
from the upper grade categories was 
maintained. 

The survey has serious implica- 
tions. If the situation continues, 
efficiency of governmental agencies 
may suffer. Responsible administra- 
tors must determine what known 
disadvantages of government serv- 
ice can be corrected. Study is re- 
quired to determine the basis for 
the negative attitude towards gov- 
ernment employment exhibited by 
higher grade graduating engineers. 


JOSEPH L. SEMINARA 
Human Factors Specialist 
Dover, N. J. 





Above: One half of center plate showing diog- 
onal ribs which permit heat-dissipating air flow. 


High-energy. high-speed power take-off 


features ventilated center plate and 
oil-lubricated tapered roller bearing 


Here is a new PTO—Twin Disc Model 
IBF-214P—designed for high-speed en- 
gines not yet off the drawing board... 
engines developing 300 to 500 hp at 
speeds up to 3380 rpm! 

These high speeds are possible be- 
cause of improved design including the 
elimination of heavy counterweights, 
thereby improving overall balance and 
reducing link and pin stresses. 

In addition to its high speed rating, 
this new unit offers two other impor- 
tant advantages over standard PTO’s: 


1) The ability to withstand high- 
energy loads through use of a unique 
center plate desig... 

High-energy heat loads create un- 
even thermal stresses which in turn 
cause clutch failure by starting cracks 
in the center plate. This problem is usu- 
ally traceable to heavy starting loads 


such as occur in rock crushers, heavily- 
loaded conveyors and similar equip- 
ment. 


The center plate on the Model IBF- 
214P Power Take-Off is ventilated by 
means of a two-piece design with diag- 
onal ribs cast into each plate. Placed 
back to back, the ribs cross each other 
to form only small diamond-shaped 
contact areas, thus allowing air flow to 
dissipate excess heat. 


2) The ability to operate for six 
months between lubrication periods 
thanks to improved throw-out collar 
design and oil lubrication of the ta- 
pered roller bearing. 


Oil rather than grease is used for 
bearing lubrication so as to assure safe 
operating temperatures at the high 
speeds for which this unit is designed. 
The top of the bearing carrier has a 


small cast cavity which is kept full of 
oil by a slinger dipping into the sump. 
A drilled hole from this cavity feeds the 
bearing to assure constant oil circula- 
tion. ! 

A special clutch engagement mecha- 
nism cuts throw-out coilar wear. Lu- 
brication is needed only twice a year in 
normal service. 

Complete details and specifications 
on Model IBF-214P are available from 
our Racine office. Request Bulletin No. 
308-B, Supplement A. 


Twili Disc 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin (Hydraulic Division) Rockford, Illinois 
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ENGINEERING NEWS 





Maneuverable Lift Trucks Fit Small Places 


FLOOR SPACE, a rare commodity in every plant, can now be artificially 
created, thanks to newly developed, highly maneuverable lift trucks. Be- 
cause they’re designed to turn sharper corners, the trucks make narrower 
aisles possible and permit reduction in floor area assigned to storage jobs. 
Two of the new breed, demonstrated for the first time at the Material 
Handling Institute’s recent Cleveland Exposition, are manufactured by 
Automatic Transportation Co., Chicago, and Towmotor Corp., Cleveland. 


Crab Truck 


Automatic’s electric lift truck can 
travel in any direction, at any 
angle, regardless of the shape of the 


load. Stero-Matic steering provides 
one-lever control of twin drive mo- 
tors for normal forward or reverse 
rotation of the drive wheels. When 
one drive motor is set in forward 





Automatic’s truck, 65-in. in over-all length, can turn completely around in a 


70-in. circle. 


Other abilities include traveling at angles and sideways. 


Truck's 


42-in. width permits penetration into narrow aisles to pick up or deposit loads. 


Towmotor’s truck is a normal lift truck when the front end is locked in position. 
With the front end rotating, steering wheels turn to ‘'sharp turn'’ position and 


the outrigger extends to keep the truck from tipping. 


in production, the vehicle is expected to be marketed in the near future. 
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Although not currently 


and the other in reverse, the truck 
turns without use of the steering 
wheel. Steering-wheel action con- 
trols positions of the wheels and pro- 
vides angle and side steering. 

Because it is able to move in any 
direction, the truck can work in 
confined areas, and can make bet- 
ter use of storage space than can 
conventional lift trucks. It is re- 
poried much easier to steer around 
corners, in tight aisles, and in right- 
angle stack. 

Besides increased maneuverabil- 
ity, the vehicle is equipped with a 
fork that can reach over an obstacle 
to pick up a load. The fork swings 
30 deg to either side of center. 
Swing and reach features are con- 
trolled with one lever. A tilt de- 
vice cradles the load to overcome 
deflection in the attachment. 


Narrow-Aisle Truck 


Towmotor’s gasoline/LP-gas lift 
truck obtains maneuverability in 
another manner: The font end 
can be rotated through a right-angle 
for sharp turns and for stacking. 
The truck is reported to operate in 
aisles 4 to 6 ft narrower than those 
required by conventional lift trucks, 
increasing storage capacity of a 
given area by as much as 50 per 
cent. 

In normal operation, the Towmo- 
tor truck behaves as any ordinary 
lift truck: Rear wheels are steer- 
ing wheels and front wheels are 
driving wheels. For right-angle 
turns and stacking, however, the 
normally locked front end can be 
rotated by running one drive wheel 
in “forward” and the other in “re- 
verse.” Simultaneously and auto- 
matically, steering wheels rotate to 
aid the turn, and an outrigger 
wheel extends from the side of the 
truck in the direction of the turn 
to keep it from tipping. 

Heart of the vehicle is the new- 
ly developed Towmostatic Drive 
which is now available on several 
Towmotor trucks. In this new 
drive, individual piston-type hy- 
draulic motors mounted on each 
drive wheel provide motive power. 
Conventional components such as 
transmissions, drive lines, and dif- 
ferentials are eliminated. Without 
the new drive, the front (drive 
wheel) end of the truck could not 
be rotated. 
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HUNT 


Slim Line 


CONTROL VALVES 


Now available with 8 types of operators. 
3-way and 4-way actions. Easily 
manifolded into compact control centers. 


@ You'll like these new valves. Only 1’’ thick by 3” 
wide, they are exceedingly compact and light in weight; 
can be mounted easily on machines even when space is 
extremely limited. 


Ideally suited for controlling small cylinders, to 
operate pilots and similar services. %’’ or %4"’ pipe 
tapped. Pressures to 125 p.s.i. Air, water, oil or vacuum 
service. Stock delivery. 


Solenoid valves have the following features as 
standard; manual over-ride; %'’ NPT conduit connec- 
tions; valve inoperative with solenoid cover removed. 


The side of each valve is counter-bored, trepanned 
for an “O” ring, and provided with four through holes 
permitting up to eight valves to be manifolded together 
and operated from a single supply. Better get full 
details — now! Six Single Solenoid Valves Manifolded 
into a Compact Unit Using Standard 

Brackets and Tie Rods. 


Send for the 


“SLIM LINE” 
Bulletin No. 581 
TODAY! 


Quick-As-Wink? sin ano HypRautic 


ONT Valves 


Manufactured by HUNT VALVE COMPANY, 2011 East Pershing St., Salem Ohio 
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Twin spool engine is a ‘natural’ for turbofan conversion. 
Fan is integral with first two <'ages of the low-speed com- 
Starting loads are unchanged since high com- 


pressor. 


Quick Conversion— 


Turbojet to Turbofaia 


ONLY ONE YEAR engineering 
lead time produced Pratt and 
Whitney Aircraft’s new JT3-Dl, a 
turbofan version of the twin-spool 
J57. Seasoned development proj- 
ects furnished information and 
hardware for the new components: 





4 
4 
1 
' 


Fan blades were over-sized com- 
pressor blades from the J91 nuclear 
turbojet; turbine buckets came from 
a T57 turboprop project. 

Basic patern of airflow through 
the engine was undisturbed, so no 
drastic changes had to be made in 





PRAT 


Imile 


a 


be 


oe 
Pay 
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Runway length demanded by present jets has alarmed FAA. 
Turbofan engines will make possible taking off with the 
same payload from shorter runways. 
over populated areas will be achieved more quickly. 


Altitude required 


pressor only is spun in starting. Mounting-pad loca- 
tions need not be changed since weight of fen added in 
front is balanced by additional turbine stage. 


the heart of the engine—in fact, 
hardware additions are so superficial 
that P&W claims a civilian version 
of the J57 can be converted to a 
turbofan in the field. Here’s how 
the turbofan compares with the 
JT3C-7, P&W’s designation for 
the commercial version of the J57: 


© 13% lower specific fuel consump- 
tion 
33% more take-off thrust 
13% more cruise thrust 
15% less weight per lb thrust 
10-20 db quieter in operation 


Because of this high level of per- 
formance, the U. S. has ordered 
turbofan engines for the B-52H. 

Housings for the new compo- 


Loss of take-off thrust in summertime temperatures is a 
great concern of jet operators. 
has over 13,000-Ib thrust. 
ambient-temperature performance. 


At 100 F the turbofan still 
Water injection improves high- 


Macuine Desicn 








nents were a routine job—except 
for the added problem of routing 
the “bypass” air. An earlier Eng- 
lish bypass engine, the Rolls Royce 
Conway, ducted the bypass air the 
full length of the engine and 
dumped it into the exhaust. Ob- 
jection to this system was the un- 
avoidable friction loss that came 
from the long duct. Wind-tunnel 
tests showed that a short duct 
dumping the air through slots just 
forward of the halfway mark on 


Nacelle with side slots for exit of by- 


pass air showed high degree of aero- 
dynamic efficiency in wind-tunnel tests. 


the engine nacelle gave the most 
efficiency. Increase in nacelle drag 
was too small to measure. An- 
nular pattern of the flow is inter- 
rupted only by the mounting pylon 
above and accessory drives housing 
below. 

Inner parts of fan blades do the 
work of the missing J57 compressor 
stages. Outer blade sections form 
the giant fan that gives the con- 
verted engine half its thrust. The 
designer borrowed from his knowl- 
edge of turbine-blade design in spec- 
ifying an integral shrcud section to 
be forged with the blade at two 
thirds of its span from the hub. 
These sections fit together into a 
ring that helps control vibration in 
the long blades. 

A total of 2.4 times as much air 
passes these blades as is handled 
by the original J57 blades. This 
demands more work from the tur- 
bine. Very little design work was 
needed to produce long, thin blades 
for the enlarged third turbine stage. 

The shaft of the low-compressor 
spool was strengthened to take the 
added load, and water injection was 
added to minimize the effects of 
high ambient temperature. Result- 
ing economy and high performance 
will solve many of the problems 
plaguing commercial jet users. 
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CONSIDER THE 
VITAL HYDRAULIC 











GOOD DESIGN IDEAS COME TO LIFE 


and Accessories 
for Hydraulic Systems 


cH 
fa 


Solenoid Valves 


(“9 
aca 


Check Valves 


e 


WHEN THE (CONTROL ZONE 


IS WATERMAN 


A bright design idea! —a ditching machine with hydraulic- 
powered crowding, controlled independently of the germ 5 
wheel and the spoil conveyor. And it comes to life wi 
Waterman Series 1407 Flow Regulators in the Control Zone. 
Rated for pressures to 3000 p.s.i., and for controlled flow rates 
to 40 g.p.m., Series 1407 Flow Regulators are ideal for the 
control of hydraulic motors. A 180° turn of the calibrated 
handle provides a turndown of as much as 80 to 1, with 
precise, pressure-compensated flow control at any setting. 
Also available for panel mounting and manifold mounting. 
Series 1407 is just one of many Waterman types that 

up the most complete line of hydraulic flow regulators — fixed 
and adjustable. Specify Waterman for flow control and be 
right — from the start. 


Waterman representatives are in all principal cities. 
Write for Waterman Flow Regulator Catalog No. 1001, 
and for Waterman Solenoid Valve Catalog No. 2000. 


Also suppliers of AN and MS qualified flow regulators and fuses. 


Waier ie. Engineering Company, 725 Custer Ave., Evanston, lilinois | 
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Floating Wheel Steers Off-Highway Vehicles 
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Steering wheel on a track moves laterally to any cab posi- 
tion in Vicker's new all-hydraulic power-steering system. 
This arrangement gives more freedom to the driver craning 
to watch close clearances on the off-wheel side. 
the steering linkage is mechanically free of the steering 
wheel, shocks of off-the-road travel are not felt through 
Turning the steering wheel operates a 


steering wheel. 


Tomorrow's Computer 
May Think For Itself 


Paris, FRance—Artificial intelligence 
may yet be created. In a paper be- 
fore the International Conference on 
Information Processing, an Ameri- 
can authority predicted a machine 
could be built to duplicate the hu- 
man brain—at least in its ability to 
“learn.” 

Dr. D. G. Willis, Lockheed Mis- 
siles and Space Division, Sunnyvale, 
Calif., has developed a mathemati- 
cal model of the human brain cell. 
The model and the theory on which 
it is based might pave the way to 
construction of a real thinking ma- 
chine. 

Willis’ theory of the neuron (brain 
cell) postulates that changes take 
place in individual cells when they 
are excited, and that the changes 
have a permanent effect on the way 
cells will react to future excitation. 
These changes in behavior would 
explain how responses of cells are 
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Because 


altered by their past history. By 
retaining this record, they would 
function as memory units. 

Of the many remarkable prop- 
erties of human memory, said Dr. 
Willis, there are two characteris- 
tics which are particularly note- 
worthy: Its tremendous storage ca- 
pacity, which dwarfs that of the 
largest and most advanced comput- 
ers; and its “random-access” ability 
to recall millions of bits of stored 
information, almost at demand. In 
an experiment with cells simulated 
on a digital computer, memory 
properties can be demonstrated. A 
given mode of excitation forces the 
cells to respond in a particular pat- 
tern. “But as we force more and 
more patterns with other excita- 
tions, they begin to interfere. The 
interesting thing . . . is not how 
many independent patterns can be 
read in and out again, but is in 
the way these patterns interfere 
with one another.” This is not un- 
like the way in which memories may 
be associated in the human brain. 


small hydraulic pump in its hub and raises pressure in a 
command cylinder. Spool valve, actuated by command-cylin- 
der pressure buildup, directs engine-pump oil to the control 
cylinder operating the steering linkage. 
shutoff, the manual steering-wheel pump generates enough 
pressure to steer the vehicle ‘through command-cylinder 
linkage. A relief valve limits pressure buildup. 


In case of power 


Printed-Circuit Switch 
Cuts Wiring Costs 


Printed-circuit switch designed by Cen- 
tralab Division, Globe-Union Inc., Mil- 
waukee, reduces costs and eliminates 
wiring errors. All switching leads are 
connected simultaneously by dip 
soldering of etched circuit boards. No 
hardware is needed for rigid anchor- 
ing of the switch to the board. Con- 
structed of laminated phenolic sections, 
the switch is available with bolted 
construction multiple sections and 
staked single or dual section assem- 
blies. Combinations from one pole-12 
positions through 6 pole-2 positions 
are offered in several switches. 


Macuine Desicn 








OILTIGHT LIMIT SWITCH 
Bulletin 802T with sealed heads 
and bodies. Various operators. 


PRECISION LIMIT SWITCH 
Bulletin 802 oiltight. Responds 
ty very small operator travel. 


3 4 


PNEUMATIC TIMERS OMLTIGHT PRESSURE CONTROL 
Bulletin 849. Reliable and accu- _ Bulletin 836. For hydraulic sys- 
rate. For on-delay or off-delay. tems with pressures to 5000 psi. 


ALLEN -BRADLEY 





ONTIGHT CONTROL UNITS OINLTIGHT CONTROL STATIONS 
Bulletin 800T. Choice of push Bulletin 800T for up to 16 units 
buttons, lights, and switches. in die cast aluminum enclosure. 


STANDARD DUTY PUSH BUTTONS 
Bulletin 800. Up to three units, 
also pilot lights and switches. 


FOOT SWITCH 
Bulletin 805. In rugged die cast 
housing for toughest service. 


QUALITY 
MOTOR 
CONTROL 


Al)-1-Bradley Co., : 1333S. First St., Milwaukee 4, Wis. In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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Powered by two gas turbines (250 hp 
and 1000 hp), the proposed Seahorse 
I! is both a 5-ton 4 x 4 and a V-bot- 
tom planing amphibian. Top speed 
on land (250 hp) is about 35 mph. At 
sea, the fully loaded Seahorse will 
travel 30 mph {1100 hp). Propeller 
and wheels are fully retractable, and 
the vehicle has disc brakes, chain drive, 
and rear suspension only (soft tires on 
front). Over-all length is 40 ft; width, 
10 ft. Alternate powerplant for 
Seahorse—a 1000-ib, 1000-hp Italian 
V-12 engine—is under evaluation. 


Net oRCOIEg ORT TI 


oaks 


FNL Pe ROTI FO BENE 
. Pike Wass DANO Big. 6. 


Turbines and planing hulls 
are key components as... 


Army Upgrades Amphibious Vehicles 


IN ANY WAR short of an all-out 
nuclear conflagration, the military 
will still face the basic logistical 
problem of getting supplies from 
ship to shore to frontline troops in 
the least possible time. The 16- 
year old amphibious Duck, designed 
around a 2!/-ton GMC truck, 
shouldered the burden through 
World War II and Korea. The ve- 
hicle has earned a distinguished rec- 
ord, but is now considered too 
small and too slow to meet the fast- 
breaking events of atom-age “police 
actions.” Army wants an amphib- 
ian that can speed bigger payloads 
through any kind of sea and per- 
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form on land with the best of 
trucks. 

Engineers at Army’s Detroit 
Arsenal (Ordnance Tank-Automo- 
tive Command) are well along in 
developing just what the assault ex- 


perts want. Seahorse and Drake 
are two of their new vehicles that 
look especially promising. And this 
month, OTAC engineers will launch 
a Hydrofoil version of the old 
Duck, which may put new life in 


Duck out of water, a hy- 
drofoil version of World 
War Il's veteran amphib- 
ian, will be launched this 
month by OTAC engineers. 
Addition of foils and a 
Lycoming T-53_ shaft-tur- 
bine engine will boost 
Duck's present 6-mph wat- 
er speed to a respectable 
35-40 mph. 
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10 TO 15 NEW JOBS a week, each - 


a different application, require a continuous program of 


evaluating the properties of metals and fabricating costs 
at Robertshaw-Bridgeport. 


In making bellows (left ) and temperature sensors (above ) to meet ever-changing needs 
of control, appliance, and industrial equipment manufacturers, Bridgeport Thermostat 
Div., Robertshaw-Fulton Controls Co., Milford, Conn., averages 10 to 15 new prob- 
lems a week. Specifications vary widely in dimensions and physical characteristics. 
Dependable performance over long periods of uninterrupted service is vital—yet costs 
must be rigidly controlled. 


So for quality with maximum economy in fabrication, materials must be matched 
precisely to the needs of each job. And in this, Robertshaw-Bridgeport looks to its 
suppliers for creative technical services. For many years, The American Brass Com- 
pany specialists have been helping to select the correct alloys in ; \osphor bronze or 
brass and to meet fabrication problems in the making of bellows—.o apply econom- 
ically precision-made capillary tubing and other small-diameter copper tube in sensor 
assemblies. Through such services, The American Brass Company is constantly helping 
metal fabricators across the nation control quality while keeping costs down. 


A you caught between cost reduction and quality 
control? Find out if you are buying metal properties 
you don’t need. An Anaconda specialist may be able to 


® 
suggest a lower cost alloy that fits the requirements of AN A CON [) A 
your job more closely. Or he may find that an adjustment 
of temper or a change in your fabrication methods CaN  COppER BRASS BRONZE NICKEL SILVER 
cut your costs. The services of Anaconda specialists are 

: ‘ . MILL PRODUCTS 

available through your American Brass representative. 
Call him in today, or write: The American Brass Com- Mate ty The Aeattan Gine Goapay 


pany, Waterbury 20, Conn. In Canad»: Anaconda 
American Brass Ltd., New Toronto, Ont. 5061 
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Bullet 
after impact 


Too tough for bullets... Cutler- 
Hammer Molded Magnet Coils work 

y even after being struck by 
rifle bullets. What better proof 
Cutler-Hammer Motor Control can 
withstand the most punishing 
service? 


Too tough for boiling oil... The 
performance of Cutler-Hammer 
Molded Magnet Coils remains un- 
changed even after being boiled in 
oil. Further proof Cutler-Hammer 
Motor Control stops trouble before 
it can start. 




















Cutler-Hammer Three-Star Motor Control 
is built to take it 


COLOR-CODED FOR RAPID, SURE IDEN- 
TIFICATION . ..No guesswork for elec- 
tricians or stock men. Each color signifies 
the coil's voltage and frequency. Colors 
are permanent, too, can't rub off. 


RED—110 volts A-c, 60 cycle 
GREEN—208/220 volts A-c, 60 cycle 
YELLO W—440 volts A-c, 60 cycle 
BLACK—all other voltages and frequencies 


If a rifle bullet can't pierce or shatter the Cutler-Hammer 
Molded Magnet Coil, what chance is there of it being 
punctured when an electrician's screwdriver slips or of 
it being damaged when the coil is dropped? If the 
Cutler-Hammer Molded Magnet Coil is impervious to boil- 
ing oll, what chance is there it can ever be penetrated by 
moisture or distorted by high ambient temperatures? 

The strength and durability of these Cutler-Hammer 
Molded Magnet Coils are but one example of how 
Cutler-Hammer Three-Star Motor Control is built to take 
it. Why settie for less when Cutler-Hammer Control costs 
no more? Specify Cutler-Hammer Three-Star Motor Con- 
trol... you can be sure it installs easier, works better, 
and lasts longer. 


Cc U T L E Re rei VAN NA RA EE Fr? CUTLER-HAMMER 


Cotler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. SAD TILO A 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 


Keg 
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MOTOR CONTROL CENTERS 


AND MORE... 
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the battle-scarred veteran. 

According to OTAC project engi- 
neer Herman Nadler, a basic ob- 
jective in the amphibious program 
is to give each vehicle a multi- 
plicity of. uses so that many other 
single-purpose vehicles can be elim- 
inated. For this reason, the new 
amphibians will be capable of rang- 
ing far inland to serve as mobile 
gun and missile platforms as well 
as troop-cargo carriers. 


ENGINEERING NEWS 


A Biggest Amphibian in service, with 
exception of Army's shore-limited Bark, 
is the 10-ton, 8 x 8 Drake. Present 
version, now under evaluation by vari- 
ous British and American services, is 
powered by two 6-cyl, 155-hp Chevro- 
let engines. Land speed is 44 mph; 
water speed, 12 mph. Power train in- 
cludes two torque converters; eight 
torque-proportioning differentials. 
Drake can negotiate a 20-ft surf, has 
much better off-highway capabilities 
than a conventional highway truck. 


Rolling Lab Gathers More Data 


Classroom laboratory on wheels wil! be 
used by the University of Michigan for 
automotive research and for raining 
student engineers in road-test instru- 
mentation. The custom-built labora- 
tory, donated by International Nickel 
Co. Inc., has space and instrumentation 
aboard to accommodate 18 students; 
twenty special instruments, many of 
them developed for this vehicle, have 
been installed to contribute data for a 
wide variety of tests under road con- 
ditions. The engine bed is designed 
for installation of experimental turbine, 
diesel, and gas power plants. A new 
type sintered-plate, nickel-cadmium 
battery will meet lab power demands, 
permit study of subzero starting. 





ENGINEERING NEWS 





Props Geared to Common Shaft in New STOL Aircraft 


aay. Aas 


Feathering is unnecessary if one engine fails on the four- 
engine Breguet-Piasecki 940 STOL. A common shaft geared 
to the engines’ free turbines drives all four props on the 
French-designed craft. This adds a big margin of safety, 
especially during transition from vertical to horizontal flight, 
when complete loss of power from one engine would be 
critical and momentary feathering would be impossible. De- 
flected slipstream obtained from big flaps, above right, gives 
the 940 good short-takeoff and landing performance. The 
7-ton craft can clear a 50-ft obstacle in less than 350 ft on 
takeoff; it lands within 250 ft. Piasecki Aircraft Corp., Phila: 
delphia, will assemble the 940 in this country. 


Supply and Demand Still Favors 


Adjustable Wall Makes Close-Fit Bushing ie beieteiene 





Wasuincton, D. C.—Labor Sec- 
retary James P. Mitchell sees the 
job picture for the 1959 crop of en- 
gineers as “very good.” Mechan- 
ical, electrical, and aeronautical en- 
gineering graduates seem to have a 
slight edge on civil, chemical and 
industrial engineering majors. 
Employers showed greater selec- 
tivity in their campus-interview 
wooing—students who finished at 


BIW WO 74 ON DOO ZA WOO BAW N the lower end of the class may find 
jobs. 

Starting salaries, which tended to 

egal a Se J level off in 1958, are rising once 

more. Within five years, engineer- 

ing graduates will start at $700 a 
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Close-tolerance fits in standard holes 
are possible with a new split-ring 


bushing that has adjustable wall thick- 
ness. It permits use of a standard 
bolt as a structural fastener, hinge pin, 
or in place of taper or press-fit pins. 
An axial pinch forces bushing segments 
to ride over each other in a wedging 
action. This increases the OD of fe- 
male segments while at the same time 


reducing the ID of the male segments. 
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Developer, Globe Bushing Corp., North 
Hollywood, Calif., says a variety of bushing materials makes possible applica- 
tions like plain Gearings, shaft clamps, or shaft packing from standard stock. 


month, says Donald Moyer, Cornell 
University’s director of student per- 
sonnel. Mr. Moyer also believes 
that decreased engineering enroll- 
ment will be a general trend. He 
blames the decline on both the 
1958 recession and the satellite-era 
“glamorization” of scientists, which 
has resulted in a shift in emphasis 
from engineering to science. 
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time-saving, Bi neat-appearing 


Peacti-Rivete | 


Molded of thermoplastics, Plasti-Rivets fasten from one side 
with a single blow. The prongs expand when the integrally 
molded pin is driven, providing a positive, vibration resistant 
lock. Blind assembly is simplified, products improved and time 
saved while costs are reduced. Plasti-Rivets can withstand a 
direct shear of up to 500 pounds. Available in a choice of 
decorator colors and shapes, Plasti-Rivets will never mar or 
scratch your product's surface. For a firm, positive fastening, 
specify easy-to-use Fastex Plasti-Rivets. 


8, 
Write for your free sample packet and P+) Prag | 
informative brochure listing 25 standard - 
Plasti-Rivets, See how simple a / 
and ical blind fastening: can be. 8 





Fastex Piasti-Rivets Create Assembty Gavings in: 
non-conductive fastening of electrical products, name plate attachpents, 
appliance shelf fastening, rustproof fiberglass awning fastening, and color- 
matched fastenings for practically any product. 





DIVISION OF ILLINOIS TOOL WORKS 
195 Aigonquin Road « Des Plaines, illinois 


in Canada: 
SHAKEPROOF-FASTEX 
Division of Canada 
tlinois Tools, Ltd. 
Toronto, Ontario 








OX Bl comscrons 
¢ 9) AND RELAYS 


NEW BUILDING-BLOCK 
DC DEVICES 


Assemble the exact contactor or relay 
you need—when you need it! General 
Electric’s new “‘building-block”’ design 





| 
| 
| 
| 





| 


allows quick, on-the-spot assembly of | 


more than 100 different devices—from 
a few standard components. For all the 
facts, follow reader service instructions 
below. General Electric Company, 
Roanoke, Virginia. 


Progress /s Our Most /mportant Product 


GENERAL @& ELECTRIC 
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784-19 | 


| throughout the country. 
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Coil and Foam Come to Grips 


Combining the best features of each, 
a new car seat molds coil springs and 
foam rubber in an integral unit. Rey- 
nolds Chemical Div., Stubnitz Greene 
Corp., Whitmore Lake, Mich., says 
pilot models are being tested, and 
plant production is expected to be 
under way in time for use of the new 
type seat in 1960 model cars. 


Shelved Patents Will Be 
Put To Work by New Firm 


Wasuincton, D. C.—Several hun- 
dred million dollars’ worth of 
research and development—neatly 
documented in U. S. patents—is 
tucked away in filing cabinets 
Seeking 


| to put some of these sidetracked but 


still valuable patents, processes, and 
ideas to work, a new company will 
act in a middleman capacity be- 
tween patent holder and potential 
developer. 

National . Patent Development 
Corp. will help owners of patents 
and processes to find concerns that 
will manufacture the item or de- 


| velop the process. Corporate clients 


will be aided in selling or licensing 
patents and ideas which do not 
have a natural outlet within their 
own operations. Expected results 


of such new-product promotion are 


stimulation of the growth of new 
industries and markets and_in- 
creased competition in certain in- 
dustries. 

Offices of National Patent Devel- 
opment Corp. will be in Washing- 
ton, D. C., and New York City. 
Jess Larson, former Federal Works 
Administrator and Chief of the 
War Assets Administration, is 
chairman of the board. 








Aluminum coat .. . 

is deposited on a wide range of metals 
by a new vacuum coating process de- 
veloped by National Research Corp., 
Newton Highlands, Mass. The ductile, 
nonporous coatings may be anodized 
for excellent wear resistance and at- 
tractive coloring in a full spectrum of 
tints and shades. 


Beryllium wire drawing .. . 

has proved successful with standard 
drawing equipment and a special pre- 
heat furnace. Preliminary tests by 
Brush Beryllium Co., Cleveland, show 
that it is now possible to draw 0.090- 
in. pure beryllium wire from 0.250- 
in. rod. A research project on this 
subject is intended to produce wire 
of good mechanical properties and to 
develop further basic information on 
the working and heat treating of 
beryllium. The most critical variables 
seem to be temperature, die design, 
crystallography, and composition of 
starting materials. 


Magnesium-rare-earth alloy .. . 
can be sand cast to combihe good 
tensile properties at temperatures rang- 
ing from room-temperature to 600 F. 
Creep resistance is excellent at 600 F 
for up to 10 hours, and at 450F for 
up to 1000 hours. Further, the alloy 
reportedly has twice the strength of 
light metals at 500F. In addition to 
castability, the alloy can be welded 
by argon-are or heli-arc methods, and 
can be finished with standard mag- 
nesium finishing systems. It is also 
a good forging alloy. Developed by 
Dow Chemical Co., Midland, Michi- 
gan, the composition is 3.2 per cent 
rare-earth metal (didymium), 0.6 per 
cent zirconium, and the remainder 
magnesium. 


Structural beryllium .. . 

in sheet form has been produced by 
Martin Co., Baltimore, Md., for use 
in airframe structures. Space vehicles 
using the material may not need spe- 
cial cooling devices to solve re-entry 
problems. Beryllium is superior to 
other metals in strength, stiffness, heat 
absorption, and lightness of weight, 
but use has been limited by nonuni- 
form properties and glass-like brittle- 
ness. The new sheet has homogenous 
properties suitable for structural fabri- 
cation. Nuclear Metals Inc., working 
with Martin, solved the problems in- 
volved by controlling crystal size and 
orientation during fabrication. 
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WESTERN CONTROL CORP. 


achieves three-way control with 


KEYSTONE WIRE 


At their modern plant in Wichita, Kansas 
Western Control Corporation produces flexible 
controls that are specified for many applications 
from lawnmowers to giant excavators. Thisv > 
range is the result of closely controlled quality © nd 
cost at Western Control. Western has successfully 
used Keystone MB Spring Wire since its inception 
in 1946. Here are some reasons they give: 


CONTROL OF PRODUCTION — Keystone metal- 
lurgists worked with Western and developed a 
special quality of drawn galvanized spring wire 
for high speed coiling. Constant uniformity of 
MB Spring Wire means long production runs — 
increased productivity of machinery. 


CONTROL OF QUALITY —Company officials re- 
port, ‘Uniformity of temper and size of Keystone 
MB Spring Wire gives us close inside and outside 


diameter tolerances. Coating, too, is superior — 
no flaking or stripping in the manufacturing 
process.” 


CONTROL OF COSTS — Keystone furnishes 
drawn galvanized MB Spring Wire to Western in 
pay-off packs. This means less waste — less set 
up time — less handling time — and cleaner wire. 
To Western, this means a quality product at a 
competitive price. 


Could you benefit from our experience in solv- 
ing difficult wire problems? Talk it over with your 
Keystone Wire Representative. 


Keystone Steel & Wire Company, Peoria 7, Illinois 


KEYS TON E 


WIRE FOR INDUSTRY 





Assembly costs cut 50% at design stage 
by Tinnerman SPEED NUT Brand Fasteners! 


Fastener ideas worked out between designers at 
Hillside Metal Products, Inc., and Tinnerman 
engineers, resulted in the selection of 3 different 
Speep Nut types for Hillside’s complete line of 
quality steel office furniture. Hillside estimates 
“at least a 50% saving in material costs, assembly 
time and tooling” over ordinary fastening methods. 
And spring-steel Sprep Nuts hold tight, even 
through years of hard service. 

A special Dart-Type SprEep C.uiP® snaps into a 
punched hole, securely anchors one end of the 
drawer latching mechanism spring. A standard 
Push-On Speep Nut “bites” into a stud; prevents 
the other spring end plus latching bar from back- 
ing off. Desk tops as well as desk and table legs, 
are attached with the help of SPEED Grip® Nut 
Retainers that snap into bolt-receiving position in 
punched holes. A Push-On completes the file 
drawer follow block assembly; two more secure 
each filing cabinet drawer card holder. 


This should give you an idea of what a free 
Fastening Analysis can probably do for you in 
savings and improvements on present or new prod- 
ucts. Look up your Tinnerman representative in 
the Yellow Pages under “Fasteners”. Or write to 


TINN ERMAN PRODUCTS, INC. 
Dept.12 « P.O. Box 6688 «+ Cleveland 1, Ohio 


TINNERMAN 


FASTEST THING IN FASTENINGS® 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd, Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy GmbH, Heidelberg. 
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Crack Flyer Uses Air Power 


Aerodynamics train model, engineered by Wright Aeronautical Div., Curtiss-Wright 
Corp., Wood-Ridge, N. J., will be shown at world fairs this summer. 
claims propeller-driven train will save up to ten hours on Chicago to Los Angeles 
run. Other advantages are better traction in bad weather, positive braking from 
reversible-pitch propellers, and weight saving from aircraft-type engine. 


Meetings 
and Shows 


July 13-17— 

National Association of Power 
Engineers. National Convention to 
be held at the Statler Hotel, Bos- 
ton. Further information is avail- 
able from association secretary, 
Edward J. Schuetz, 176 W. Adams 
St., Chicago 3, Ill. 


Aug. 9-12— 

American Society of Mechanical 
Engineers - American Institute of 
Chemical Engineers. Heat Transfer 
Conference to be held at the Uni- 
versity of Connecticut, Storrs, Conn. 
Further information may be ob- 
tained from Meetings Dept., ASME, 
29 W. 29th St., New York 18, N. Y. 


Aug. 10-13— 

Society of Automotive Engineers 
Inc. International West Coast 
Meeting to be held at the Hotel 
Georgia, Vancouver, B. C., Canada. 
Additional information is available 
from SAE headquarters, 485 Lexing- 
ton Ave., New York 17, N. Y. 


Aug. 17— 

Institute of Radio Engineers. First 
National Ultrasonics Symposium to 
be held in San Francisco. Further 
information is available from IRE, 


1 E. 79th St., New York 21, N. Y. 
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Aug. 18-21— 

Western Electronic Show and 
Convention to be held at the Cow 
Palace, San Francisco. Sponsors are 
Western Electronic Manufacturers 
Association and the Seventh Region 
of the Institute of Radio Engineers. 
Further information can be obtained 
from WESCON headquarters, 1435 
S. La Cienega Blvd., Los Angeles 
35, Calif. 


Aug. 31-Sept. 2— 

Army-Navy Instrumentation Pro- 
gram Symposium and_ Industry 
Briefing to be held at the Statler 
Hilton Hotel, Dallas. Further in- 
formation can be obtained from 
G. Jackson Butterbaugh, Asst. Direc- 
tor of Public Relations, Bell Heli- | 
copter Corp., P. O. Box 482, Fort | 
Worth 1, Tex. 





Sept. 1-3— 

Association for Computing Ma- | 
chinery. 14th National Conference 
to be held at Massachusetts In- | 
stitute of Technology, Cambridge, 
Mass. Additional information is 
available from Dr. Frank M. 
Verzuh, Computation Center, MIT, 
Cambridge, Mass. 


Sept. 7-l1— 

Illuminating Engineering Society. | 
Annual National Conference to be | 
held at the Fairmont and Mark | 
Hopkins Hotels, San _ Francisco. | 
Further information can be obtained | 


Missile-Air latches are in use on 


jet aircraft, missiles and electronic 
equipment under the most severe 
environmental conditions. They 
cannot fail understress or vibration. 
Fingertip opening or closing with- 
out tools greatly speeds servicing. 
Sensibly priced for any application, 
Many types to choose from or 
special design on request. 


Send for complete technical information to: 


1700 Rosecrans Boulevard, 
Manhattan Beach, California. 


Missile-Arr 


A Division of United States 
Chemical Milling Corporation. 
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Jim always came home grouchy 
and complaining about noisy gears and 
how did they expect him to build 


precision machines. But ever since the 


day he said they gave him a real 
batch of gears, made to order by 
CINCINNATI GEAR... 


he’s my boy! 


When it comes to gearing in your product, remember 
this profit formula: 


Modern Manufacturing + Old-time Craftsmanship 
+ Precision Inspection = CINCINNATI gears 


For guaranteed custom gears and custom gear boxes, 
send your prints for our quotation. 


THE 
CINCINNATI 
GEAR CoO. 


Wooster Pike and Mariemont Ave. Cincinnati 27, Ohio 
® Custom Gear Makers Since 1907 


GEARS, good gears only 
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from IES headquarters, 1860 Broad- 
way, New York 23, N. Y. 


Sept. 14-17— 

Society of Automotive Engineers 
Inc. National Farm, Construction, 
and Industrial Machinery Meeting 
(including production forum and 
engineering display) to be held at 
the Milwaukee Auditorium, Mil- 
waukee. Further information is 
available from SAE headquarters, 
485 Lexington Ave., New York 17, 
N. Y. 


Sept. 17-18— 

American Society of Mechanical 
Engineers—American Institute of 
Electrical Engineers. Engineering 
Management Conference to be held 
at the Statler Hilton Hotel, Los 
Angeles. Additional information is 
available from Meetings Dept., 
ASME, 29 W. 39th St., New York 
18, N. Y. 


Sept. 20-23— 

American Society of Mechanical 
Engineers. Petroleum Mechanical 
Engineering Conference to be held 
at the Rice Hotel, Houston. Fur- 
ther information is available from 
Meetings Dept., ASME, 29 W. 39th 
St. ,New York 18, N. Y. 


Sept. 20-25— 

Instrument Society of America. 
Instrument-Automation Conference 
and Exhibit to be held at the Pal- 





“| want Finchley to start at the 
bottom, so I’m putting him in 
charge of this department.” 
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mer House and the International 
Amphitheatre, Chicago. Additional 
information can be obtained from 
ISA headquarters, 313 Sixth Ave., 
Pittsburgh 22, Pa. 


Sept. 21-22— 

Steel Founders’ Society of Amer- 
ica. 57th Fall Meeting to be held 
at the Homestead, Hot Springs, Va. 
Additional information is available 
from society headquarters, 606 Ter- 
minal Tower, Cleveland 13, Ohio. 


Sept. 21-22— 

Standards Engineering Society. 
Eighth Annual Meeting to be held 
at the Somerset Hotel, Boston. Ad- 
ditional information can be obtained 
from Charles T. Ajamian, P. O. 
Box 538, Wayland, Mass. 


Sept. 23-25— 

American Institute of Electrical 
Engineers—Institute of Radio En- 
gineers. Nonlinear Magnetics and 
Magnetic Amplifiers Conference to 
be held at the Shoreham Hotel, 
Washington, D. C. Further infor- 
mation is available from AIEE 
headquarters, 33 W. 39th St., New 
York 18, N. Y. 


Sept. 24-26— 

Porcelain Enamel Institute. An- 
nual Meeting to be held at the 
Greenbrier, White Sulphur Springs, 
W. Va. Further information is 
available from PEI headquarters, 
Associations Bldg., 1145 Nineteenth 
St. N.W., Washington, D. C. 


Sept. 28-Oct.1— 

American Society of Mechanical 
Engineers — American Institute of 
Electrical Engineers. National Pow- 
er Conference to be held at the 
Muehlebach Hotel, Kansas City, 
Mo. Additional information can be 
obtained from Meetings Dept., 
ASME, 29 W. 39th St., New York 
18, N. Y. 


Sept. 30-Oct. 1— 

Institute of Radio Engineers — 
American Institute of Electrical En- 
gineers. Industrial Electronics Con- 
ference to be held at the Mellon 
Institute, Pittsburgh. Further infor- 
mation can be obtained from IRE 
headquarters, 1 E. 79th St., New 
York 21, N. Y. 
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Replace obsolete needle valves 
with the 


NEW 90° ON-OFF 
FLO-BALL 


For 3,000 PSI... 


Low torque, instant action . . . a fast 
90° turn, requiring just 4 inch-pound 
torque at 3,000 psi, actuates the valve 
instantly! 

Priced no higher than needle valves! 
100%, flow efficiency . . . straight-thru 
FLO-BALL design has more than twice 
the flow efficiency of needle valves! 
Positive ON-OFF indication . . . large 
arrow-shaped handle shows valve posi- 
tion at a glance! 

Zero leakage . . . Mass Spectrometer 
tests with Helium prove zero leakage! 





SERIES 715 
Port Styles and Sizes 
NPT AND10050 
Part No. | Size | Part No. 
715A1 % 715A2 
715B1 % 71582 



































Universal mounting ...can be panel, 
side, bottom, or line mounted! 


Removable flanges . . . damaged 
flanges can be removed in seconds; no 
need to replace entire valve! 


All stainless steel construction . . . 
costs no more than old fashioned screw- 
type valve! 


Versatile service . . . ideal for leak- 
proof control of air, vacuum, steam, water, 
fuels, oils, kerosene, alcohol, and many 
other fluids, 


Other models are available for service with cryogenic 
and corrosive media. Also special designs for 
throttling flow control. 


Write today for new catalog 
describing the world’s most 
complete line of precision 
valves for industrial and mil- 
itary applications, 


Hydromatics,inc. »4 


LIVINGSTON, N. J. e WYMAN 2-4900 « TWX=LIVINGSTON, N. J. 120 
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The Thompson Level-Loder raises and lowers to any height from curb side to 4% 
feet. Hydraulic cylinders lift the body up and down in a vertical guide mounted 
on the truck cab. Thompson Trailer Corp., Pikesville, Maryland, a subsidiary of 
General American Transportation Corp., Chicago, introduced the new design. 
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Unique truck built lighter, 
stronger with (iss) COR-TEN Steel 


Here’s a truck body that acts like an elevator. With front wheel drive, it 
has no rear axle or drive shaft. Hydraulic cylinders tilt it forward, backward, 
sideways, and raise it up and down to any height from curb level to 4% 
feet. This cuts loading time as mu’) as 75% and makes unloading up to 


five times faster. 


Because the main stress of the lift is concentrated at the wheel box 
housings, they have to be as strong as possible. And because the truck body 
is lifted along with the payload, the body has to be as light as possible. The 
entire body, including the wheel housings, was built with USS Cor-TEen 
High-Strength Low-Alloy Steel because this grade meets the demands of 
both lightness and high strength. Cor-TEN Steel’s 50% higher yield point 
means it can be used in thinner and lighter gages, reducing weight as much 
as 4 with no sacrifice in strength. And it has high resistance to abrasion, 


atmospheric corrosion, impact and fatigue. 


U. S. Steel produces three brands of High Strength Steel—Cor-TEn, 
Tri-TEN, and MAN-TEN.. Each has characteristics that make it ideal for 
special design applications. For complete information about these “‘steels 
that do more’’, write to United States Steel, 525 William Penn Place, 


Pittsburgh 30, Pa. USS, COR-TEN, TRI-TEN and MAN-TEN are registered trademarks 


United States Stee! Corporation — Pittsburgh 
American Stee! & Wire — Cleveland 
Columbia-Geneva Stee! — San Francisco 

Tennessee Coal & iron—Fairfield, Alabama 

United States Stee! Supply— Stee! Service Centers 
United States Stee! Export Company 


United States Steel 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 





“Why slow up the iob with special gears?” 


when you can select what you need 
from over 2000 standardized 


BOSTON GEARS 





SPUR GEARS — STEEL, IRON, BRASS NON-METALLIC SPUR GEARS RACK + PINION WIRE 
14¥2° and 20° P.A. .208” to 40” P.D. 1442° and 20° P.A. .938” to 6.667” P.D. Steel and Brass 1442° and 20° P.A. 
PINIONS + INTERNAL GEARS 


ry 
“fe 


i\* 


mss ty! 


BEVEL and MITER GEARS STEEL SPIRAL MITERS 1” to 5” P.D. WORM GEARS Bronze and Iron 
Steel, Iron, and Brass 20° P.A. HELICAL GEARS 417” to 18” P.D. WORMS .333” to 4” P.D. 


312” to 14” P.D. Steel and Bronze .333” to 6” P.D. : Soft Steel and hardened and ground steel 


Take a good look through the BOSTON Gear 

9 4 9 6 — catalog. You’ll find standardized types and sizes to fit most 
if of today’s transmission needs. Why pay more (and wait) 

STANDARDIZED a. | for gears made to order? Design around BOSTON Gear. 
TRANSMISSION j = “ It saves time and money in planning, in purchasing, in 
PRODUCTS ~/a = production .. . and you simplify servicing problems. 


Stock Gears \ WAYS Boston Gear Works, 64 Hayward Street, Quincy, Mass. 
Sprockets and Chain oF i 
Speed Reducers r > : CALL YOUR 


Bearings * Couplings . 
rie BOSTO 
Pulleys "To, i 

DISTRIBUTOR 


™ STANDARDIZATION PAYS =" 
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motors for commercial applications 


HIGHEST TORQUE FOR SMALLEST SPACES 


Missile designers are well acquainted with the extremely high torque available 
from a planetary geared precision miniature Globe motor. Units similar to 
the one pictured can produce up to 150 inch pounds of torque! 

And more and more designers are finding that these motors offer out- 
standing advantages for commercial applications as well. Universal, a.c., or 
d.c. types are available from 7%” to 214” in diameter. They can replace 
larger, ordinary motors at competitive cost, and deliver important bonuses 
too. They perform reliably under conditions that would soon ruin ordinary 
motors—high humidity and temperature, jarring shock and vibration, dust 
and fume-laden atmospheres. 

Globe speed reduced motors are engineered to fit your specific appli- 
cation as no “off the shelf’’ motor can. Standard component design is the 
secret; for example, 83 even ratio planetary reducers are available to give 
the speed and torque you need. Many parts are inventoried. Design and 
production efficiency will save you money. If you have a commercial 
application that demands a smaller, more powerful, more reliable and com- 
petitively priced motor, then consult Globe first. Write for Bulletin ACG. 
Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE INDUSTRIES, INC. (oc) R@} —j — 


PRECISION MINIATURE AC, &@ D.C, MOTORS. ACTUATORS 
TIMERS, GYROS, STEPPERS, BLOWERS, MOTORIZED DEVICES 
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What the designer conceives...aluminum achieves 
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AND 
SAVINGS 


You save on material, you save on finishing, 
and you save on over-all cost when you de- 
sign with aluminum! (See cost comparisons 
at right.) 


As in the finished shapes shown, aluminum 
offers exceptional design versatility in the 
sharp, clean lines 
..and unusually fine “as-machined” finish. 


screw machine process... 


In the screw machine process, aluminum’s 
excellent machinability makes possible pro- 
duction versatility. High production rates 
plus low tooling cost assure initial savings 
as well as model-change economy. 


Aluminum offers still more useful properties, 
such as light weight with high strength, cor- 
rosion resistance, non-sparking and non- 
magnetic qualities. 


Kaiser Aluminum does not manufacture 
screw machine parts, but does offer tech- 
nical assistance to parts suppliers through- 
out the country. Contact your local screw 
machine products manufacturer for further 
information and quotations on specific 
parts in aluminum. 


Kaiser Aluminum & Chemical Sales, Inc. 
1924 Broadway, Oakland 12, Calif. 


See “Maverick” » Sunday Evenings, ABC-TV Network 
Consult your local TV listing. 
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COST DATA FOR 1000 PIECES* 
Aluminum Brass 
Material = $28.20 (159 its.) $52.66 
Less 47% 
(@ 16. Se /ib.) 4.13 (@ 18¢/ib.) _ 13.50 
Total Material 
Costs $24.07 $39.16 
Machining 11.80 11.80 
ag ny Tooling 
osts ($190) 1.90 1.99 
Color Anodizing 10.00 
Total Cost $47.77 $52.86 


Total Savings 
per 1000 pieces $ 5.09 (in Aluminum) 
(An unlimited number of metal bonded colors are 


available with aluminum—obtainable in other 
metals only by less durable surface coatings.) 


COST DATA FOR 1000 PIECES* 
Aluminum Brass 
Material pod “2 $37.74 (218 ibs.) $66.05 
Less 52% s 
(@ 16. se /ib.) 5.27 (@ 18¢/ib.) _ 20.34 
Total Material 
Costs $31.47 $45.71 
Machining 25.65 25.65 
Approximate Tooling 
Costs ($200) 2.00 2.00 
Clear Anodizing 10.00 
Chrome Piating 15.00 


Total Cost $69.12 $88.36 


Total Savings 
per 1000 pieces $19.24 (In Aluminum) 


*(These are estimated costs based on runs of 
100,000 pieces) 


Kaiser Aluminum & Chemical Sales, lnc., 
Dept. SM-1065 

1924 Broadway, Oakland 12, California 
Please send me the free “Color Beauty"’ booklet 


with cost data and color-anodizing information 
for aluminum screw machine parts. 


NAME 





COMPANY 





ADDRESS 





CITY 





STATE 
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Webster 
DIRECTIONAL CONTROL VALVES foe 


Combines to culvert cleaners — anywhere 
one, two or more hydraulic applications are 
handled at one time... the difference is dynam- 
ically apparent when Webster is on the job! 
Versatile! Parallel design permits control of 
up to 6 independent circuits. Range! Oper- 
ating pressures to 2000 psi — shock pressures 
to 5000 psi. Lowest back pressure. Compact! 
Smallest size for rating. Three sizes — single 
spool type in 20 gpm capacity, parallel 
stacked in 20 and 40 gpm capacities. 

You find Webster Directional Control Valves 
on leading agricultural, road building and in- 
dustrial machines. Chances are there’s a size 
and model ideally suited for your product — 
for the dynamic difference that pays! 


OIL HYDRAULICS DIVISION“. 


A tn i Woven, 


~ oy "4 
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more of the Garlock 2,000 





BRUNSWICK 


> f 


* 


= 
qutomatic 


Garlock Seals “spare” pinsetters from loss of vital oil 


- impervious to 
applicable 
from —40°F to +250°F. For extreme service conditions, 
Klozures are available to withstand any fluid and tempera- 
tures as high as + 500° F. 


Klozure Oil Seals are another part of the Garlock 2,000 


Garlock Klozure* Oil Seals help assure dependable operation of 
Brunswick-Balke-Collender automatic pinsetters by eliminat- 
ing oil leakage from the gear box. At the same time, they 
prevent damage to the bearings by sealing out dirt and dust. 
Reliability is the prime reason for specifying Klozure Oil Seals, 
according to Brunswick. The Seals have been in continuous 
use for 3% years! 

Your product, too, can enjoy long, trouble-free life like this; 
simply design Klozures into your application. Standard 
*Registered Trademark 


Klozures are resistant to grease and oil . . 
water, mild acids, alkalies . . . non-abrasive . . . 


ackings, gaskets, and 


. . . two thousand different styles of 
arlock representative, 


seals for ore need. Call your local 
or write for Klozure Catalog 30. 


THE GARLOCK PACKING COMPANY, Palmyra, N. Y. 
For Prompt Service, contact one of our 26 sales offices and warehouses throughout the U.S. and Canada. 


ARLOCHK 


Packings, Gaskets, Oil Seals, Mechanical Seals, 
Molded and Extruded Rubber, Plastic Products 


Canadian Division: The Garlock Packing Co. of Canada Ltd, 
Plastics Division: United States Gasket Company 
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Dynex, Inc., Pewaukee, Wisconsin, produces single- and double-acting cylinders from Republic ELECTRUNITE Special Smooth 1.D. Hydraulic Cylinder Tybing. 


Republic ELECTRUNITE Tubing... 


OFFERS MORE TUBE PER DOLLAR 


Dynex, Inc., Pewaukee, Wisconsin, has switched to 
— ELECTRUNITE® Special Smooth I.D. Hydraulic 


Cylinder Tubing in their manufacturing operations. The 
switch was made because ELECTRUNITE's special smooth, 
micro-inch inside finish eliminated costly honing, result- 
ing in a better end product at a lower unit cost. Typical 
example of how ELECTRUNITE is providing thousands of 
manufacturers and fabricators with “more tube per 
dollar.” 

ELECTRUNITE, produced by the world’s largest manu- 
facturer of electrically welded tubing, is made from high- 








AMF CUTS COSTS, builds a better pinspotter with 
Republic ELECTRUNITE Mechanical Tubing. Saved 
$34,000 is; boring, grinding, and material costs. 


50 


SAVINGS IN TIME AND MATERIALS by Syncro Cor- 
poration, Oxford, Michigan, by using ELECTRUNITE 
Square and Rectangular Tubing for blade-yokes. 


est quality flat-rolled steel, carefully controlled through 
every step of manufacturing. 

ELECTRUNITE Special Smooth I.D. Hydraulic Cylinder 
Tube is available in sizes up to 4%” O.D. in walls up to 
.187”. ELECTRUNITE Mechanical Tubing is available in 
round sizes up to 6” O.D. and squares and rectangles up 
to periferies of 20 inches. Wide range of wall thicknesses, 
some up to .250” wall. 

Call your Republic representative to see how 
ELECTRUNITE can offer you “more tube per dollar”, too. 
Or, write direct. 


GET REPUBLIC ELECTRUNITE Stainless Steel Tubing 
in sizes from Y%4" through 5” O.D. Bright annealed 
finish available in sizes up to 4” O.D. 
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REPUBLIC ALLOY STEEL provides super toughness 
and strength at critical points in automotive 
differentials. The Powr-Lok differential, devel- 
oped by Dana Corporation, Toledo, Ohio, per- 
mits an automotive axle to transmit the greatest 
driving force to rear wheels having the better 
traction. Republic Alloy Steels have the high 





strength, toughness, shock-resistance, and abra- 
sion-resistance needed to withstand the severe 
service to which differential clutch rings are 
subjected. Write for data. Use coupon below. 


REPUBLIC ENDURO® STAINLESS STEEL provides 
uniform quality. Tuttle and Kift Division, Ferro 
Corporation, Chicago, Illinois, manufactures a 
large share of all assembled electric range heat- 
ing elements produced. They find they can de- 
pend on Republic Stainless Steel to meet the 
rigorous standards they demand. They find the 
quality is consistent. They like Republic's excellent 
metallurgical and delivery services. To learn 
more about the advantages of stainless steel, 
call your Republic sales office, or send coupon. 





REPUBLIC CARBON COMPATIBLE IRON POWDERS 
cut costs, broaden the application of powder 
metallurgy. Big news in powder metallurgy con- 
tinues to come from Republic. As a result of 
project 501, Republic has developed and is pro- 
ducing at its Toledo, Ohio, plant, two types of 
carbon compatible iron powders. Designated as 
types MS and HS6460, these powders represent 
a major advancement for the powder metallurgy 
industry. For additional information and tech- 
nical data, use the convenient coupon below. 


REPUBLIC 


STEEL 


Wold Wideal Range 
of Standard Stecls antl 
SAL Producld 
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REPUBLIC STEEL CORPORATION 
DEPT. MD-7973 
1441 REPUBLIC BUILDING - CLEVELAND 1, OHIO 


Please send more information on the following products: 


Name 


O ELECTRUNITE Hydraulic 
Cylinder Tubing 

O Mechanical Tubing 

0 Alloy Steels 


O Line Tubing 


OD Stainless Steel Tubing 


O Stainless Steels 0 Iron Powders 


Title 





Firm 





Address 
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it pays to| give their 
det Counting Precision 


customers Veeder-R 





If you need ultra-precision counters 
to build into your product as an 
added service to your customers, 

then take a long look at Veeder-Root 
Instrument-type Counters, like those 
shown below. You’ll see craftsmanship 
that measures up to ultra-precision 
standards. And you can count on it 
that Veeder-Root precision remains a 
constant quantity under highest speeds 
and toughest operating conditions. 


Veeder-Root can bring to your 
counting problem the longest 
experience in precision counter- 
making of anyone in this business. 
Give your customers the advantages of 
built-in counters, give them the lifetime 
assurance of Veeder-Root precision. 





NEW VEEDER-ROOT 
MINIATURIZED COUNTERS 


These Internal Pinion Counters have %” wheels 
on which the figures are a full 4” high, combining 
minimum size with maximum readability. Runs 

at continuous speeds of 400 rpm, and intermittent 
speeds of 750 rpm. Torque 1.5 oz. Meets military 
specifications. Originally built-in parts of 
navigational instrumentation, these counters 

are applicable to many other uses. 


Veeder-Root.... 


Hartford 2, Connecticut 


Hartford, Conn. * Greenville, S.C. * Altoona, Pa. * Chicago 
New York © Los Angeles * San Francisco * Montreal 
® Offices and Agents in Principal Cities 
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NEW... 


from Skinner! 





3-way, 
high-flow, 
solenoid valves 
for general 
industrial use 





These new, 3-way L3 Series valves, like all Skinner 
valves, are built to UL standards. Their bodies are 
made of forged naval brass and their internal parts 
are stainless steel and brass. Soft, synthetic inserts 
and seals provide bubbletight sealing. And a unique, 
Buna-N coated nylon diaphragm assembly assures 
long life. The valves are compact, light, and mount 


Main orifice sizes: fuil effec- 
tive—%”, 12”, %” for *%”, 
Yo", %4” NPT. 


Standard operating pressures: 
5 to i50 psi. 


Media: oil, air, water, vege- 





table and petroleum oils, inert 
gases, kerosene, gasoline. 


Types: normally open, nor- 
mally closed and directional 
control in standard and explo- 
sion-proof construction. 








in any position, directly to the line. They are offered 
in a wide range of voltages and frequencies, with 
many electrical options and manual override. 

Typical applications: air vises, chemical process 
equipinent, presses, water treatment equipment, in- 
dustrial machinery, packaging machinery, air and 
hydraulic cylinders, laundry machinery, etc. 


Skinner solenoid valves are distributed nationally. 


For complete information, contact a Skinner Representative listed in the Yellow Pages or write us at Dept. 


% ¥ S S KI is i Bil : 
, IC N®Y @ 
‘THE CREST OF qua.ity THE SKINNER ELECTRIC VALVE DIVISION « NEW BRITAIN, CONNECTICUT 
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contacts 


rugged steel base plates 


THIS ISA 
RELAY 

YOU CAN 
STAKE YOUR 
REPUTATION ON 


/ 


-silver contacts are 


. ] 
powerful iC or DC solenoids 


simple, fast, easy installation speeds assembly into your equipment 


every aspect of Ward Leonard bulletin “HR” relays is designed for maximum 
reliability... these are components you can buy, install and then forget 


Ward Leonard “HR” relays are engi- 
neered for industrial and electronic 
applications requiring: ultra-long life, 
high speed, high reliability, compact- 
ness and versatility. 

Consider the powerful solenoids, just 
one of the features shown above. Every 
HR relay, AC or DC, is equipped with a 
powerful solenoid to assure fast, con- 
sistent, long-life operation so essential 
in the circuitry of any high reliability 
relay. The “E-I” laminated magnet ar- 


mature is free-floating and self-align- 
ing to minimize noise level. DC solenoids 
feature exceptionally fast operation. 
Nylon armature guides minimize oper- 
ational friction. All AC and DC power 
plants are readily interchangeable. 

2 to 8 pole “HR” relays are but one of 
five W/L lines of industrial power re- 
lays ... all designed with emphasis on 
reliability. Write for bulletin 4470. 
Ward Leonard Electric Co.,58 South 
Street, Mount Vernon, N.Y. 


9.1 
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nolded coils minimize “burnout 


WARD 
LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


LIVE BETTER...E/ectrically 


BReealO-E ryincored Contiols Since 1892 


A“'O'% 8 


' ‘ ' 
RESISTORS | RHEOSTATS} RELAYS {CONTROLS} DIMMERS 


MaAcHINE DesIGN 





TRABON 


CENTRALIZED LUBRICATING SYSTEMS 


... packages with a plus! 


Visible dome 


Meter-Mist units are available in 
12 package sizes to fit every job. 


Meter-Mist oil systems give you all these extras — 
at low cost 


* 


Centralized” O\L AND GREASE Systems “Meferf/o” cincuLatiNG OIL SYSTEMS 
Jreadbor Trabon Engineering Corporation 28769 Aurora Road + Solon, Ohio 


July 9, 1959 Circle 436 on Page 19 Circle 437 on Page 19> 





round tones, deep tones, sharp tones, flat tones. 


copper makes brass, bells and bugles, trumpets and trombones. 


copper makes bronze for a beethoven bust. 


COPPER and copper makes wire. wire, wire, printed wire. 
MAKES wire for radio, wire for stereo. wire for telephony and tw. 


BEAUTIFUL music. modern music. copper’s the conductor. 
MUSIC without copper... how still the air. 

















2 For information about Copper and Copper Alloys, write Copper & Brass Research Association, 420 Lexington Avenue, New York 17, N. Y. 








fasteners for 


A TYPICAL EXAMPLE: 


' e hea ‘ / ; 7 di I 1 ] How to Fasten Securely to Avoid Shifting 


Where considerable tension ih the fastening 
is needed to keep the parts from. shifting 
the Shakeproof*-developed Pyramidal Lock 


“fi s Ta se 
; ‘ Washer* should be used. This washer spans 
; large clearance holes — provides tensior 


; 
H 
i 
: 


needed to keep parts securely fastened and 


in alignment 
*U.S. Pot. N 





For want of the right fastener, man-hours and money are 
often needlessly lost! It's vital to economical assembly 
line production to specify fasteners for each application 
that will do a fast and effective job every time. Fasteners 
engineered by Shaxeproof assure maximum locking, re- 
duce handling, and provide many additional functions that 
save assembly time, reduce production costs and improve 
your product's quality. 


SEND FOR NEW SHAKEPROOF BULLETIN NO. 200 


Shows typical examples of money-saving fasteners de- 
veloped by Shakeproof engineers for heavy metal appli- 
cations. Offers testing samples. Write for your free copy 
today! 


SHAKEPROOF 


“FASTENING HEADQUARTERS”® 


DIVISION OF ILLINOIS TOOL WORKS 
St. Charles Road, Elgin, Illinois 
In Canada: SHAKEPROOF /FASTEX 
Division of Canada Illinois Tools Limited, 67 Scarsdale Road, Don Mills, Ontario 


sekeee Fee Wena 
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Pe a 


New twist in memory devices. This simplified model illustrates 
the basic structure of the “Twistor” magnetic memory. De- 


veloped by Bell Telephone Laboratories, the Twistor depends 
on unique magnetic properties of high-nickel alloy wire. 


PE he LSE 
CLL AR, 
Si all 


They twist high-nickel wire 
to make a machine remember 


A new child’s toy? Hardly. 


This tiny part is an ingenious new 
kind of magnetic memory. It may 
well be the heart of the computer of 
the future. 


They call it the “Twistor.” It takes 
advantage of the unusual magnetic 
behavior of a twisted high-nickel 
alloy wire. 


A group of these wires, inter- 
woven with other wires to form a 
screen-like grid, can store thousands 
of “bits” of information magnetical- 


ly, ready to answer the call of the 
computer. 

The result is a magnetic memory 
device that costs and weighs less, yet 
is more compact and rugged than 
conventional devices. 

What makes the Twistor practical 
is a unique magnetic property found 
in the high-nickel alloy used for the 
wire: when twisted, its preferred di- 
rection of magnetization shifts from 
a longitudinal to a helical path. In 
addition, this alloy permits operation 
with very low currents so its minute 


energy requirements are easily sup- 
plied by transistor circuits. And, of 
course, since the alloy is mainly 
Nickel, corrosion is no problem. 


For new twists in design — or in solv- 
ing metal problems, — Nickel or one 
of its alloys may offer what you are 
looking for. If corrosion, wear, high 
or low temperatures, stresses or fa- 
tigue are factors, let’s get together 
to talk it over. 


The International Nickel Company, Inc. 


67 Wall Street Aikeo, New York5, N.Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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DU PONT 
ANNOUNCES 


ADIPRENE L 


a new liquid urethane rubber 





Hardness, Shore A 88 


nan Gens " PROPERTIES OF CURED 
Modulus, 300%, psi 2100 

ADIPRENE L POLYMERS 
Tensile Strength at Break, psi 
Elongation at Break, % 450 480 (High Hardness Compounds*) 


Split Tear, ASTM-D 470 
Ibs./linear inch 50 155 


Compression/ Deflection, 
psi @ 5% defl. 275 375 


Rebound Resilience, % 45 40 42 45 


Oil Resistance Excellent | Excellent | Excellent | Excellent 


Low Temperature Brittle 
Point, °F <-80 <-80 <-80 <-80 























* Softer compounds ranging from 10 Shore A are also available. 
tSamples pulled @ 1°/minute (elastomer stocks normally pulled at 40’/min.) 


ABRASION — ApipreNeE pump impellers, like this one, 
have handled 380,000 tons of solids in the form of an 
abrasive acid slurry without need for replacement. 
Normal life expectancy for impellers made of other 
materials is 170,000 tons of solids. 
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ADIPRENE L is an improved urethane rubber researched 
and developed by the Elastomer Chemicals Depart- 
ment of DuPont. It offers the designer a new ma- 
terial that combines the resilience of rubber with the 
hardness and load-carrying capacity once found only 
in metals and hard piastics. 


In its raw state, ADIPRENE L is liquid in form. 
Cured polymers can be made in varying hardnesses— 
from 10 to 99 Shore A (78 Shore D). These vul- 
canizates are outstanding in abrasion resistance, low 
temperature performance, and oil resistance. They 
resist the attack of oxygen, ozone, radiation, many 
chemicals and solvents. 


You will want to evaluate this new synthetic rubber 
in improving the products you design. The perform- 
ance data presented below will suggest areas where 
ApIPRENE L might be useful to you. More complete 


SYNTHETIC 


REG. U, 5. Pat. OFF 


SEND FOR MORE INFORMATION 


E. I. du Pont de Nemours & Co. (Inc.) 
Elastomer Chemicals Dept. MD-7 
Wilmington 98, Delaware 


C] Please send me your new booklet on ApiprENE L, out- 
lining the properties and design possibilities of this new 
Du Pont elastomer. 


C)I am particularly interested in the application of 
AprprENE L to the following product: 








information is contained in our new booklet. Send the 
coupon today for your copy. E. I. du Pont de Nemours 
& Co. (Inc.), Elastomer Chemicals Dept. MD-7, Wil- 
mington 98, Del. 


NEOPRENE 
HYPALON® 
VITON® 
ADIPRENE® 


Better Things for Better Living . . . through Chemistry 


AN OUTSTANDING COMBINATION OF HARDNESS, RESILIENCE AND 
LOAD BEARING CAPACITY — Apiprene L polymers combine high 
hardness with elasticity. As a result, you might use them to 
replace metal or similar non-elastomeric materials in appli- 
cations where cushioning or damping properties would im- 
prove performance or wear. Industrial rolls, ball joint liners, 
motor mounts, sleeves and bushings, striker plates, and 
sealing devices are just a few of the possibilities. 


OUTSTANDING AT SUB-ZERO TEMPERATURES—Apiprene L vul- 
canizates do not become brittle at temperatures as low as 
—80° F. and exhibit outstanding resistance to thermal shock. 


OUTSTANDING ABRASION RESISTANCE—Both in the laboratory 
and in actual service, ADIPRENE L has demonsirated its ability 
to resist wear. On caster wheels for fork lift trucks, as an 
example, tires made of ADIPRENE give 8 to 10 times the 
performance of conventional rubber and plastic tires. 


OTHER PROPERTIES — Apiprene L also resists the action of lu- 
bricating oils, greases, and automotive fuels. It can be used 
where salt solutions or dilute mineral acids and bases are en- 
countered at room temperature. ADIPRENE L shows good 
resistance to oxygen, ozone and radiation, and will perform 
for long periods at 212° F. (up to 250° F. for shorter periods) . 
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COMPRESSIVE STRESS, PSI 
Z 


GENERAL PURPOSE 
NATURAL RUBBER 
COMPOUND 





30 «40 50 + «60 
Jo DEFLECTION 











LOAD BEARING CAPACITY of hard Apirrene L com- 
pour.ds (shaded area of curve) ranges between that 
of general-purpose rubber and the harder plastics. 
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top 


the one right 


SOLID PIN 
for the job 


(the solid Groov-Pin is still the safest, 
surest way to pin two parts together) 


The Groov-Pin has the holding power of a 
press fit pin without the need for close toler- 
ances, and the ease of installation of a taper 
pin without the need for reaming. 

You just drill the hole and drive the pin 
home. Once seated it stays there . . . no matter 
what the condition of shock or vibration. 

Available in low carbon steel or other ma- 
terials (stainless pins are Type 303, non- 
magnetic). Diameters from 1/32” to 1/2” are 
standard; larger sizes are special — but priced 
as standard in lots above 5000. 

Write today for samples, comprehensive 
catalog, and acetate copy of this ad suitable 
for wall mounting. Groov-Pin Corporation, 
1130 Hendricks Causeway, Ridgefield, N. J. 


UNSEATED 


CT 


SEATED + ra 


the unique GROOV-PIN locking principle 


When a Groov-Pin is driven, the material dis- 
placed by the grooves is forced to flow back, 
setting up a powerful locking force. The abil- 
ity of Groov-Pin to hold under severe shock 
and vibration . . . and its immunity to vibra- 
tion fatigue . . . has been thoroughly proved 
by the billions in use! 


GROOV-PIN 
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fastening gears, pulleys, 
sprockets, collars and 
cams to shafts. 


gf. 


The basic Groov-Pin and 
most widely used. Has three 
full length grooves tapering 
from maximum diameter at 
one end to nominal diam- 
eter at the other. 





locating pins, stop pins, 
hinge pins. 


Grooves cover only one half 
of pin length. Used where 
holding power is not criti- 
cal. Speeds assembly be- 
cause ungrooved portion 
acts as a pilot. 





clutc' = d brake pedals 


to crs — .aft; bike pedal 


arms ** sake shafts. 


Recommended for severe 
shock and vibration applica- 
tions, its full length parallel 
grooves give it great hold- 
ing power. Type 3H is es- 
sentially the same, but has 
pilots on both ends suiting 
it for hopper feeds. 





Similar to Type Two, but 
taper on grooves is reversed, 
meaning groove end is in- 
serted first. This is partic- 
ularly good on blind hole 
applications. 





aircraft cowling, cover 
plates for buses, trucks. 


=] 


Has three oval grooves half 
the length of the pin, cen- 
trally located. Especially 
suited for quick removal 
and replacement. Type Five 
is also well suited for hinge 
pin applications. 








Same as Type Two, but with 
annular grooves on un- 
grooved end for spring an- 
chor or retaining ring. Type 
Six is for through holes; 
Type Seven for blind holes. 
In addition, annular grooves 
may be machined to your 
specification — for use with 
retainer rings, for example. 
See catalog for standards. 





EC-1357 cuts costs, makes possible 
stronger sandwich panels 








LABORATORY TESTS show EC-1357 provides the high strength and rigidity called for in nonload-bearing sandwich structures. 


3M Adhesive EC-1357 bonds all kinds 
of skin and core materials without heat. 
You'll speed production, cut costs, 
build in high strength for non-load- 
bearing sandwich panels. 


You can force-dry the solvent out of 
the adhesive prior to bonding. And a 
nip roller or cold press is all that is 
required to complete the bond. 


DMiianesora [fining ann ]\fanuracrurinc company g% 
TOMORROW 








EC-1357 provides maximum immedi- 
ate strength. And the bond continues 
to strengthen as it cures at room 
temperatures. 


Dark in color, EC-1357 absorbs infra- 
red heat quickly, dries fast; so no 
production delay is necessary. And it 
sprays on with minimum cobwebbing, 
thus saving materials. 


SEE WHAT 3M ADHESIVES CAN DO FOR YOU! 


Consult 3M Research. Contact your 
3M Field Engineer. Or, for informa- 
tion and free literature, 

write: A.C.&S. Division, 

3M, Dept. YQ-79, St. Paul 

6, Minnesota. 


ADHESIVES, COATINGS AND SEALERS DIVISION 


-. WHERE RESEARCH IS THE KEY TO 
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SIMPLIFY ASSEMBLY... 
Retain parts on shafts with slip fit and Loctite 


Designing with liquid Locrire eliminates press fits, shrink fits, broaching, knurling, keyways, 
set screws and pinning ... provides easier tolerances...cuts rejects and rework. 





HOUSING L376 max. 


se ie WAS 7375 mia. 
* 0.6253 max. 
: [— WAS O52 


min. 











00 -1.375 


+0.0000 
-0.0003 




















0.6250 max. 
0.6225 min 


ia 


Is 


43785 max. 
'S T3750 min 


Bearings SHAFT 


BEARING 


assures better shaft alignment. Easier tolerances 


Hardened Sleeves Gears and Pulleys 


Eliminates shrink fit | Eliminates broaching, 
... mounts hardened knurling, shaft 
sleeve without pulling distortion. Easier 

gear replacement. 





ID 0.625 


+0.0000 
-0.0002 


speed assembly. 


Rotors 
Eliminates shaft dis- 
tortion and resulting 
regrinding & straight- 
ening. 


SEALANT APPLIED 


LoctTirE Sealant replaced press fit, opening up tolerances .002 inch on shaft and housing. Rejects 
were cut from 8% to 1% and rework from 20% to 0! Bond to inner 1ace withstands 1000 lbs. thrust 
... equal to the best press fit. Slip fit with LoctiTe gives more uniform retention . . . eliminates 
fretting damage due to loose “press fit” or bearing distortion resulting from tight press fit... 


Fans 


Eliminates set screws 
...no amount of vi- 
bration will loosen 








LOCTITE Sealant is easy to apply... simple to automate 


LOCTITE is a one-component liquid with the unique property of converting to a tough plastic 
when confined between close fitting metal parts. It does not air dry. It does not require 
mixing with a catalyst and will not spoil on standing in a storage vessel. It comes fully pre- 
pared ...stores for years... hardens only when treated parts are assembled. It forms a 
tough seal that resists heat, oil, water, all common solvents. Parts treated with LocTITE can 


be disassembled by ordinary methods. 


LOCTITE Kit No. 10-10 


Contains 10 grades of Loctite Sealant specially 
put up to assist designers in determining proper 
grade and use of Loctite in product development 
and for general experimental work. By selection 
of proper grade, the designer can apply a pre- 
determined amount of locking torque. 


Write for literature and free sample. 


LOGTITE sEALanr 


AMERICAN SEALANTS CO. 
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FAWICK Type ER Clutch installed on main 


drive of Milnor Automatic Washer-Extractor. 





Fawick = 
Clutches ae 
| here... SEN | ma + 


— 


% | 
x ma . . 


Both manufacturers and users of commercial automatic 

laundry washers know that their success depends on 

fast, accurate cycling of their equipment. 
That is one major reason why the Pellerin-Milnor 

Corporation, New Orleans, La., uses FAwick Clutches 

on the main drives of their famous Milnor Automatic 

Combination Washer-Extractors. , : 
The Fawick ER Clutches on these machines respond prone ay naan aan ta oe 

instantly to programmed controls, supply full torque to laundry operations. 

the work load—with continuous “new clutch” perform- 

ance over a long, maintenance-free life. FAWICK AIRFLEX DIVISION 


This is but one of hundreds of installations on a wide FAWICK CORPORATION 

variety of mechanical products where FAWICK provides 9919 CLINTON ROAD «+ CLEVELAND 11, OHIO 

the best answer to power transmission requirements. Fawick Canada, Ltd., 60 Front St., West, Toronto, Ont., Canada 
For full details on the advantages FAwIckK can bring 

to the operation of your equipment call or write your 

nearest FAWICK representative or the Home Office, 

Cleveland, Ohio. 
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two typical cases where MUELLER BRASS 


determined the best and most 


THE MAN FROM 
MUELLER BRASS CO. 


can give you sound, unbiased advice on the one 

best method of making your parts because Mueller FORGINGS 

Brass Co. is the only fabricator in the country 

offering all these methods of production. An ex- 

perienced “Methods Analysis Department" has at 

its da plete knowledge of the advan- 

tages and limitations of each production process. 

This unique technical service is your assurance of 

getting the best product at the best price . . . made PLASTIC INJECTION 
the one best way. MOLDING 





MUELLER BRASS CO. 
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CO. METHODS - ANALYSIS - SERVICE 


economical method of producing parts 





FORMED COPPER 


“i orest | 
SAND CASTINGS cold-pres 


*OWDERED METAL PARTS f 


Write today for engineering manuals 
covering all these production processes. 


PORT HURON 20, IG AN 
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Another new development using 


B.EGoodrich Chemical :2 xara: 


“Scotchlok”” Brand electrical spring con- 
nectors, designed to give tons of ape 
ag in a fraction of an ounce, are ma 
Minnesota Mining And Manufacturing 
ny, St. Paul, Minn., using caps 
Compa of Geon by Minnesota Plastics Cor- 
poration, St. Paul. B.F.Goodrich Chemical 
Company supplies the Geon polyvinyl 
material. 


High holding splices with a twist... 
NEW CONNECTORS ARE CAPPED WITH GEON 


Just three color coded sizes of this ‘“‘Scotchlok”’ Brand electrical 
wire connector can splice over 400 wire combinations from 6 to 18 
AWG solid and stranded. It consists of a bell-shaped steel spring 
in a hard steel shell, all fitted into a cap molded from Geon 
polyviny! material. 

Geon makes a tough and flexible cap. It has a long, conforming 
skirt to prevent flashover. And since Geon can be precision- 
molded, there is a knurled surface to provide finger grip, making it 
easier to twist the connector onto wire ends. Geon can also be 
molded in colors—each of the different sizes has its own color code. 

Geon also provides ideal electrical characteristics. And it offers 
good resistance to abrasion, weathering, and heat, as well as non- 
flammability and low-temperature flexibility. In addition, Geon 
is inert to oil, chemicals and solvents. 

The new U.L.-approved connector is providing permanent 
high-pressure splices for fixture and appliance applications, as 
well as for larger size wire in 
homes and industry. It’s an ex- 
ample of the way that Geon 
makes possible new products, or 
new applications of existing ones. 

For more information, write 
Dept. AS-3, B.F.Goodrich 
Chemical Company, 3135 Euclid 
Avenue, Cleveland 15, Ohio. 
Cable address: Goodchemco. 
In Canada: Kitchener, Ontario. 





B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


B.EGoodrich polyvinyl materials « HYCAR rubber and latex 


GOOD-RITE chemicals and plasticizers * HARMON colors 
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Reduce Costly Wear on Air Equipment 


Pipe scale, pipe dope, condensate, emulsified and deteriorated compressor oil — all damaging 
to connected air equipment — are inherently present in all compressed air systems. Provide 
for the efficient removal of these contaminants and assure top performance from air actuated 
devices by specifying a Norgren Air Line Filter in your design. 


@ 99 Models to choose from—%", %", %”, 2”, %", 
1”, 1%", 1%” pipe sizes. 


®@ Choice of 4 Filter Elements — 74, 64 or 25 micron... 
5 micron available in some sizes. 


@ Transparent or Metal Bowls 


®@ Wide Operating Pressure Range —Top efficiency at 


pressures as low as 5 psi—as high as 250 psi for metal bowl type. 


@ Wide Operating Temperature Range—Metal bowl mod- 
els extend temperature range to 200° F. 


@ Automatic or Manual Drain — Automatic drain elimi- 
nates maintenance cost for draining manually. 


®@ Abrasive Solids and Corrosive Liquids— ure removed 
from air lines, reducing equipment wear, repair and replace- 
ment costs. 


Norgren Manual Drain 

Air Line Filter 

(Norgren Automatic-Drain 

Air Line Filter is illustrated above.) 


For complete information, 
call your nearby Norgren Representative listed in your tele- 
phone directory—or WRITE FOR DESCRIPTIVE LITERATURE. 


If iti Norgren... Iti Dependable. 


3442 SO. ELATI STREET e ENGLEWOOD, COLORADO 
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FOR THE ENGINEER 


who can't sleep nights 


reason, it is probably the most inexpensive 
relay you can use where infallibility is an 
essential. 


If you’re losing sleep over a sticky problem 
in automatic control, AE can help—because 
AE has a reputation for making things work 
automatically. 

It’s not surprising, considering our unique 
experience in the design of circuits and com- 
ponents for automatic telephone exchanges. 


What’s more, AE relays and stepping 
switches are unique in their own right — 
because they’re built to have substantially 
zero variation in operating characteristics 
for life. 

As an example: the AE Class B Relay, illus- 
trated, provides hundreds of millions of 
operations with unfailing contact reliability, 
and seldom needs maintenance. For this 











AE relays and stepping switches are custom- 
made to your specifications — and are also 
available wired and assembled into complete 
control units. And we’re always glad to sug- 
gest specialized circuits that may cut your 
end costs. 


Want more information? Just write the 
Director,Control Equipment Sales, Automatic 
Electric, Northlake, Illinois. 


Also yours for the asking: Circular 1702-E, 
Relays for Industry, and a new 382-page 
booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 
GENERAL oucnrueun’e ELECTRONICS 
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EXPERIENCE 


builds a line of HYDRAULIC PRODUCTS 


ake another look at the pumps pictured 
above. They’re samples of an important, 
improved, top-quality line: HP. Hydraulic 
Products Division of Clark Equipment Company. 


Behind this line is the know-how of five 20- 
year veterans of the hydraulic business . . . and 
the backing of a company old in industrial expe- 
rience and known throughout the world for 
dependable, high-quality products. 


Hydraulic Products pumps, motors, and valves 
are planned, in light of all this experience, to elim- 
inate your most serious hydraulic component 
problems. Quality and dependability are probably 
the most important gains . . . HP products are 


built in a plant with all new tooling and the 
latest in automatic 100% testing. HP products 
are aluminum... compact and light in weight. 
Every HP product is designed for easy servicing 
... you can, for example, reseal or even rebuild 
an HP pump in the field without loss of efficiency. 


Visit our plant. Write for our catalog or, better 
still, for immediate information pick up the phone 
and call us—Benton Harbor WAlnut 6-2133. 


HYDRAULIC PRODUCTS DIVISION 
OC) CLA RK CLARK EQUIPMENT COMPANY 
EQUIPMENT Miller Street Plant 


Benton Harbor, Michigan 
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RAMGO 


MAKES 

BOTH TYPES 

OF MODERN 
RETAINING RINGS 


A time-tested Ramco design; full-circle 360 
degree retaining ring opens up unlimited pos- 
sibilities for improved design and economies 
in thousands of new or present products. 
Vv Uniform wall allows installation 

with minimum clearance. 

Two turn, full-circle design 

eliminates gaps. 


! No special tools needed for 
installation or removal. 


No tooling needed for prototypes — 
complete design flexibility. 


Develops a unique ‘“‘friction lock’’ 
under load. 


/ Always uniform in quality. 
/ Special designs for high speeds or 
tolerance stack-up problems. 


Giro Otex 


The answer to easy, lightweight, low cost 
assemblies and reduced manufacturing costs. 
Made in a variety of types and sizes for the 
smaller shaft or housing diameters. 


v ‘‘Deep-groove”’ design permits maxi- 
mum thrust with minimum weight. 


Easily installed or removed. 
Available in a variety of materials. 
/ Wide choice of finishes. 
/ Always uniform in quality. 


/ Meets Government and 
Industry Standards. 


Retaining Rings by THOMPSON PRODUCTS 


another product of Thompson Ramo Wooldridge Inc. 
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APPEARANCE? ASSEMBLED COST? PERFORMANCE? 


WHAT IS YOUR MAJOR 


FASTENER PROBLEM ? 


If it is appearance, Ramco retaining rings can give you the one best answer! 


Who thinks of eye-appeal in retaining rings? For one, your But Ramco has the answers to your other retaining ring 
customers do... for another, Ramco does! Eye-appeal is problems, too! Ramco can show you how to cut assembled 
one reason Ramco offers both types of modern retaining cost and improve product performance with rings manu- 
rings in a wide range of designs, styles, metals and finishes. factured in the world’s most modern ring plant... engi- 
neered to the highest standards established by Thompson 
Products and Ramco Engineering. Send us a blue print 
of your toughest retaining ring problem...let us give you 
the ONE best answer. 


For example, take the unique full-circle Spirolox... it can 
be furnished in bright stainless steel, blued steel, copper 
or gold plate... it can be used to improve the appearance 
of electric mixers, power tools and any product with an 
exposed retainer. No other retaining ring will give the A special Engineering Catalog and Price Lists are yours 
sleek, modern, eye-appealing appearance. That's why we without cost or obligation. Why not mail the coupon 
say, “Ramco has the one best answer.” for your free copies TODAY ? 


Thompson Products Ramco Division 
Box 513, Depr. B, St. Louis 66, Mo. 


| Send latest Engineering and Price Catalogs of Spirolox 
and Circolox Retaining Rings. 


¥ 


Address 


| RS. cniiscdidsanin 
TRW | Samples Wanted: Spirolox [] Circolox [] Size paar ~ioedernad shin) en dhe co 
be Copyright 1959, Ramsey Corporation 545 Give the GENTLEMAN what he wants 
automotive group AV—_, 
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SPS RELIABILITY 


A dynamic standard of predictable performance 


FLEXLOC self-locking nuts keep 


your assemblies intact, 


despite impact, shock or vibration 


Stroboscopic photo shows action 
of transfer mechanism cn a cold- 
forging machine operating at ap- 
proximately 16 cycies a minute. 
The numerous FLEXLOC locknuts 
used to fasten this assembly stay 
put despite constant shock and 
vibration, eliminate the nuisance 
of frequent retightening. 


FLEXLOC self-locking nuts help solve the problem of 
keeping threaded fasteners tight. Repeated shock, high- 
speed oscillation, heavy pounding will not shake them 
loose. They help give your products greater reliability, 
a qualification that is no longer just a talking point, but 
a major competitive advantage. 


FLEXLOCs are 1-piece, self-locking fasteners requiring 
no lockwashers, jam nuts, cotter pins or wiring. There is 
nothing extra to put together, come apart or get lost... 
and no nonmetallic inserts to deteriorate, be chewed up 
by rough bolt threads, or weaken the structure of the 
nut. With a FLEXLOC, every thread, including those in the 
locking section, carries its full share of the tensile load. 


A FLEXLOC goes on like an ordinary nut. Start it with your 


{ ’ 
fingers; tighten it with a hand or speed wrench. As soon 
as 1% threads are past the top, the FLEXLOC is fully 
locked. It serves as either a locknut or a stop nut. 


Becayse they require no auxiliary locking devices, 
FLEXLOCs facilitate design and specification, simplify 
inventory and handling, reduce assembly time and costs. 
They also save on maintenance, because they are readily 
removed and can be reused repeatedly without impairing 
their locking reliability. See your authorized FLEXLOC 
distributor for complete information on sizes, materials 
and finishes. Or write SPS—manufacturer of precision 
threaded industrial fasteners and allied products in 
many metals, including titanium. Flexloc Locknut Divi- 
sion, STANDARD PRESSED STEEL Co., Jenkintown 18, Pa. 


Jenkintown - Pennsylvania 


Standard Pressed Steel Co. © The Cleveland Cap Screw Co. @ 

Columbia Steel Equipment Co. National Machine Products Co. 

e Nutt-Shel Co. ¢ SPS Western @ Standco Canada, Ltd. @ 
Unbrako Socket Screw Co., Ltd. 
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How the MICKERS, MAGNECLUTCH, 


CONTROLS TENSION... PREVENTS BREAKDOWN 
on this high-speed paper slitting machine 


The smooth, trouble-free operation of this slitting 
machine of a well-known paper converter MERCHANT -—», PARENT 
demonstrates another practical use of the Vickers ROLL 
Magneclutch, the dry magnetic particle clutch. A 

Two water-cooled, 200 lb-ft, 6-2-6 Magneclutches SLITTING 
maintain uniform tension on the fast-moving web as KNIVES 
it is unwound, slit and rewound. Strain, breaking or 
snarling of the paper is eliminated, downtime is 
prevented. 

The Magneclutch is designed to provide precise 
regulation and transmission of torque, without grab MAGNECLUTCHES 
or chatter. Torque responds quickly, is unaffected by ! 
temperature or humidity; water-cooled design dissi- Panes te pulled ress gevent call A; 
pates slip heat rapidly; and since there is no wear on = — Sed renal dniteis tates h nid 
torque transmitting surfaces, service life is extremely _ patina” = pane te rolls C. As 
long. Torque transmission, regulated by energizing ncaa eal pean Se 
current only, is independent of speed, and is easily ot , 

CLUTCH crease, additional windup torque 


ae SEES Cones, ’ CONTROL EXCITATION needed is provided by increased 
Write for Descriptive Bulletin on | CONTROL | electrical excitation of the Magne- 
clutches D. Clutches slip to main- 


The Vickers Magneclutch tain constant web speed and tension. 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1881 LOCUST STREET + SAINT LOUIS 3, MISSOURI 


EPA 6100-2 


Sales  $T. LOUIS—CEntrol 1.5830 CHICAGO— JUniper 8-2125 CLEVELAND—EDison 3-1355 
Engineering DETROIT—KEnwood 4-8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6-8550 


Offices WASHINGTON, D. C.—EXecutive 3-2650 BOSTON (Representative) —CEder 5-6815 
DALLAS (Representative)—EMerson 8-4655 
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HOW THE ENGINEERING SERVICES OF 


Central Foundry 


help you desten better 
castings at lower cost 


Many new developments here at Central Foundry 
have broadened the field of application for castings 
and have given design engineers greater latitude. To 
assist you in exploiting these new methods and ma- 
terials to fullest advantage, each of our engineering 
departments—design, experimental, process and 
metallurgy—is at your disposal. Central Foundry is 
also using a number of testing techniques such as stress 
analysis, cobalt radiography and sonic testing, that 


have proven invaluable in lowering the cost and im- 
proving the quality of castings. These procedures help 
us to determine the best design and method of produc- 
ing a casting, either by the green sand method or the 
shell mold process, and the best material for the cast- 
ing, either grey iron, malleable iron or ArmaSteel. 


Central Foundry has the capacity to deliver, on sched- 
ule, quality castings in production quantities. 





STRESS ANALYSIS FOR 
IMPROVED DESIGN 


An important part of our engineering services is the stress analysis 
laboratory. Stress analysis discovers the amount of stress on a part 
due to its service function and is an important aid in determining 
and improving the strength of a part. Improved casting design can 
be accomplished through the use of stress-analysis by more effec- 
tively distributing the metal in the part. The U-bolt anchor plate 
shown here is a case in 

point. Our customer was 

experiencing failures in 

this part and asked us to 

see what we could do to 

solve the problem. Using 

Stress analysis the part 

was completely rede- 

signed for maximum effi- 

ciency. The redesigned 

part is 35% stronger, 

42% lighter and less 

costly. 


CENTRAL FOUNDRY DIVISION 


EXCELLENT MACHINABILITY 
FOR INCREASED PRODUCTION 


MACHINABILITY RATING (PER CENT) 
r) 3 6 70 8 9 10 110 12 


STANDARD MALLEABLE IRON—BRINELL HARDNESS 110-145 





AE. 1045—BRINELL HARDNESS 179-229 


193-220 
HARD CAST IRON—BHN 220-240 





8 
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oe &y 
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REDESIGN FOR STRENGTH 


This is a rear spring clip pad that was converted to a casting with 
the help of stress analysis. The clip pad supports the shock absorber 
arm and clamps the spring to the rear axle of an automobile. When 
produced as a stamping, this part weighed 4-1/4 pounds. However, 
when designed as an ArmaSteel casting, weight was reduced to 
2-9/10 pounds. Most important, based on comparative stress 
analysis tests, the casting is 

30% stronger than the stamp- 

ing. (In addition, the holes are 

produced by the foundry, mak- 

ing it unnecessary for the cus- 

tomer to punch them.) This 

conversion from a stamping to 

a casting resulted not only in 

increased strength, but in sub- 

stantial cost savings, as well. 


REDESIGN FOR IMPROVED 
PRODUCT AND ECONOMY 


Many of our customers have found that redesigning a product to 
be made as an ArmaSteel casting rather than as a fabrication, 
forging or stamping, has resulted in a better part at less cost, The 
fabricated design of a rear wheel truck hub at the left consists of 
a forged base with a steel plate welded in place to form the smaller 
flange. The casting on the right, designed jointly by the customer 
and our engineers, is of single piece construction, is lighter, stronger 
and less costly than 

the fabricated design wae fi 7 
and eliminates the fit- ¢ y 
ting and welding of 

the small flange. 

















FABRICATED DESIGN ARMASTEEL CASTING 





PROCESS ENGINEERING FOR 
LOWER COST 


Our process engineers are continually looking for ways to more 
economically produce castings, thus lowering the finished-product 
cost. Shown here is a single casting that combines 5 bearing caps 
used on a V-8 engine. The casting is almost completely machined 
as a single piece, and the parts are then separated in a final oper- 
ation. Substantial savings are realized in both casting and machin- 
ing costs. 


gpitt® 


COBALT RADIOGRAPHY 
FOR ASSURED QUALITY 


Radiography, by means of Cobalt 60, has drastically reduced the 
time required to check castings and is an important aid in obtain- 
ing the best possible cas:ing quality. In an effort to eliminate a 
machining operation on the universal joint yoke shown here, a 
design change was made in the tube section of the part. When 
sample castings of the new design were checked radiographically, 
it was immediately 

apparent that the de- 

sign was unsatisfac- 

tory since it caused 

acute metal feeding 

problems. By rede- 

signing and further 

checking by radiog- 

raphy, Central 

Foundry was able to 

produce, in the short- 

est possible time, a 

lighter casting which 

required less machin- 

ing in our customer's 

plant. 





SHELL MOLDING FOR GREATER 
ACCURACY 


Shell molding, a relatively new process of making castings, is now 
being employed extensively for fast, simple production of compli- 
cated castings, such as those requiring narrow, accurate passages 
and cross sections. It is practically impossible to produce certain 
parts in any other way without prohibitive costs; this is especially 
true of ferrous metals. Complicated parts like the manual control 
valve body shown here, a part 

of the automatic transmission 

of a military vehicle, are readily 

cast in grey iron when the shell 

process is utilized. The part had 

been considered as an aluminum 

die casting, but was thought un- 

satisfactory because of adverse 

expansion and wear characters 

istics. In this case, meeting the 

requirements for very close 

tolerances on the thickness and 

location of ports was made 

possible by the shell molding 

process, 


GENERAL MOTORS CORPORATION 
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REDESIGN FOR WEIGHT 
REDUCTION 


Vehicle weight reduction is a matter of increasing importance to 
design engineers . . . and more and more existing parts are being 
converted from a low or medium to a high strength ferrous material 
such as ArmaSteel. On the left is a grey iron differential carrier 
currently used in an automobile. By taking advantage of the 
superior physical properties of ArmaSteel, it was possible to design 
the part on the right which is five pounds lighter. The modulus of 
elasticity of ArmaSteel is approximately 60% greater (the tensile 
Strength about twice as great) than the grey iron material. 


aie 
Mi iimmnnia itt 


SAGINAW, MICHIGAN 
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Vacuum Cleaner Manufacturer Specifies 


ry 
; 


ing 


‘ Sil ¢G (0) Fabricated Welded Tubing 


Bending vacuum cleaner wand. A variety of fabricating operations also is performed on Ohio Special Quality Seamless Tubing. 


we Value analysis showed it would be more economical 


to buy than produce fabricated welded tubing parts 
for our new cleaner. What’s more, we could avoid 
additional capital investment in equipment. 


“So we added Ohio Seamless to our production 
line. They have the equipment and facilities to meet 
our design requirements and to hold to our stepped- 


up schedules. And we don’t pay shipping costs on 
scrap — just on finished parts... 99 


Let Ohio Seamless translate your designs into fin- 
ished parts...conserve your capital...cut your 
production and shipping costs. Contact your Ohio 
Seamless representative, listed in the Yellow Pages, 
or the mill at Shelby, Ohio — Birthplace of the 
Seamless Steel Tube Industry in America. 


OHIO SEAMLESS TUBE DIVISION 


of Copperweld Steel Company « SHELBY, OHIO 


Seamless and Electric Resistance Welded Stee/ Tubing + Fabricating and Forging 
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D-C DRIVES Ai. 
FOR 4. 
PRECISE CONTROL ( 


Problem: How to coordinate two or more machines 


for greater production flexibility, lower costs 


Operating at high speeds, working to close tolerances, 
meeting high-quality standards, today’s machines 
must be controlled accurately. This is one of the 
reasons users and designers are making greater use of 
direct-current drives for coordinating two or more 
machines in multi-section process lines. 
MACHINE COORDINATION IS A NATURAL JOB FOR 
DIRECT-CURRENT POWER. For direct current can best 
provide the accurate speed matching and extra meas- 
ure of control needed for high-speed, automatic con- 
tinuous processing. 

D-c’s flexibility allows each individual drive motor 
to be run at the exact speed demanded by the section 


of the process it drives. Increased output, better quali- 
ty contro! and production flexibility lower the cost per 
unit of production. 


To learn more about the modern capabilities of 
direct-current power, write for your free copy of 
“WHY D-C?”, Section 829-3, General Electric Com- 
pany, Schenectady 5, New York. 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 


SELECT FROM GENERAL ELECTRIC’S. COMPLETE LINE OF D-C DRIVES 


MOTORS AND GENERATORS 


; | = 
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POWER UNITS AND CONTROLS 


this R& MI 
motor puts the 
"“Drive™ in 


IBM electric 
typewriters! 


Almost twelve years have elapsed since 
International Business Machines Cor- 
poration used its first RaM motor to 
power its electric typewriters. Since 
then R&M has supplied thousands upon 
thousands of these special motors for 
IBM’s world-wide typewriter trade. In 
order to meet varying electrical condi- 
tions the world over, they are now sup- 
plied in 21 different voltages and 
frequencies. 

IBM proposed strict requirements 
for powering their machine. The motor 
must have high starting torque for 
quick response . . . run very quietly 
... cooler than normal . . . fit a limited 


space ... and have stamina to perform 
dependably year after year. Within a 
short period of time, R&M delivered 
specifications for the right design—a 
dynamically balanced motor that ful- 
filled all of IBM’s standards, including 
reliable operation that covers thousands 
of hours between check-ups. 

A lot of fingers have gone over the 
keys since R&M produced its first IBM 
typewriter motor, but we still subject 
each IBM power unit to 100% inspec- 
tion. Moreover, we constantly work 
with IBM—and all our customers—to 
improve our motors and to adapt them 
to the ever-changing requirements of 


customers’ products. 


R&M’s experience in custom-design- 
ing motors for hundreds of products, 
and our facilities to produce a design 
at low cost, are at your service. Per- 
haps your problem can be met with a 
standard “off-the-shelf” power unit. If 
so, we'll tell you . . . and recommend 
the right R&éM motor for the job. For 
power by either custom or standard 
fractional HP motors . . . and perform- 
ance that will give you a big competi- 
tive advantage . . . get in touch with 
Robbins & Myers today! Write for Bul- 
letin No. 450-MD 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO +» BRANTFORD, ONTARIO 
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At left, Retractable Capstan Motor... 
shaft of this special R&M fractional HP 
motor rotates and also moves axially. 
Manufactured for IBM’s 727 Magnetic 
Tape Unit. 


At right, Standard Fractional HP Motors 
. a wide range of types, sizes and mount- 

ings for DC, single or polyphase AC; all 

standard voltages and frequencies, 


At left, Standard Universal Motors .. . 
ratings from 4% to % HP. Choice of end, 
pad or foot mountings to permit design 
versatility. Custom designs also available. 


At right, Series Motor Parts . . . precision- 
made series, universal or polyphase high- 
cycle motor parts. All types and sizes 
engineered to your requirements. 
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Tubexperience in action 








Tubing shaped to New Ideas 


Many people think of tubing only in its most common form— 
round. As design engineers and buyers, you know it can be 
produced economically in a large variety of unusual shapes. 
But have you ever seen the particular shapes illustrated on 
this page ?They are samples from production runs formed to 
extremely close tolerances to satisfy specific design require- 
ments. End uses include Bourdon springs, surgical instru- 
ments, batons, aircraft structural parts, gun drill shanks, 
radar screens, door latches, electrical equipment, antennas, 
golf club shafts, fishing rods and bushings. However, we don’t 
know where all the different shapes are used, or why they are 
required. But our ability to form them saves manufacturers 


in many industries considerable time and money in the 
fabrication of their products. 

Superior regularly produces shaped tubing in many analyses 
of stainless steel, carbon and alloy steels, nickel and nickel 
alloys, and glass sealing alloys. Also in titanium and beryllium 
copper. Shaped tubing is generally supplied in the as-formed 
temper (annealed before shaping), but many special tempers 
can be supplied. 

We can probably supply your requirements at low cost, in 
good time. Data Memorandum No. 17 gives full details about 
Superior Shaped Tubing. Write for a copy today. Superior 
Tube Company, 2010 Germantown Ave., Norristown, Pa. 


Syoeriar Jude 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to ¥% in. OD—certain analyses in light walls up to 24 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California e FIRST STEEL TUBE MILL IN THE WEST 
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UD-236 DIESEL 75 Int. Eng. hp. Inter- 
changeable with UC-221. 








UC-221 CARBURETED 75 Mox. Eng. 
hp. Interchangeable with UD-236. 





UD-282 DIESEL 95 Int. Eng. hp. Inter- 
changeable with UC-263. 


UC-263 CARBURETED 95 Max. Eng. 
hp. Interchangeable with UC-282. 


broken by 





IH 6-cyl. interchangeable engines 


By making these new interchangeable 95 and 75 hp. 
International engines available in your products, you 
can switch from carbureted to lowest cost diesel power 
without further engineering expense, materials cost and 
layout and shop time. In addition, these compact 6- 
cylinder diesel engines offer the effective staying power 
found only in 4-cycle design. 

Five features make these diesels standouts: 1) direct 
starting; 2) time-proven International pre-cup injector 
with single orifice nozzle for most complete combustion; 
3) a glow plug in each pre-cup speeds starting by heat- 
ing entire fuel-air mixture; 4) diesel injection pump is 
simple and dependable; and 5) an oil temperature sta- 
bilizer that increases engine efficiency. 

Both the UC-263 and UC-221 carbureted engines 
have inherent diesel ruggedness in that each differs 
mainly from its interchangeable diesel counterpart in 
cylinder heads and pistons. 

Features that contribute to smooth, efficient, eco- 
nomical power on gasoline, natural gas and LP Gas in- 


clude: valve-in-head design; best compression ratio for 
each fuel; 18 mm. spark plugs; updraft carburetor and 
top outlet exhaust; low-friction stepped-dome pistons; 
and fully machined combustion chambers for uniform 
power from each cylinder. 

Get complete details on any of these engines by writ- 
ing or calling International Harvester Co., Engine Sales 
Department, Construction Equipment Division, Melrose 


Park, Illinois. 
International’ 
Construction 
Lgupment 


International Harvester Co., 180 North Michigan Avenue 


A COMPLETE POWER PACKAGE: Crawler and Wheel Tractors... Self-Propelled 
Scrapers and Bottom-Dump Wagons... Crawler and Rubber-Tired Loaders . . . Off- 
Highway Haulers... Diesel and Carbureted Engines ... Motor Trucks ... Farm Tractors 
and Equipment. 


Circle 458 on Page 19 





These 
standard bearings 
have special qualities 


—does this mean they cost more? 


Not necessarily. 


* Take the spherical roller 
thrust bearing, for example. 
SSP bearings of this type can 
carry unusually heavy loads: 
either thrust or combined thrust 
and radial. Unmatched for sin- 
gle bearing performance when 
high thrusts must be carried at 
high speed. And they are com- 
pletely self aligning. Because of 
these qualities, engineers choose 
them for heavy-duty applica- 
tions over large angular contact 
ball bearings. 

Yet this standard S&F bear- 
ing is competitively priced. Fur- 
thermore, it is promptly avail- 





Sy olal-taler-1 


able in 25 sizes ranging from => | Rolter Dearina 


4.3” to 14.9” I.D. 
Moderately-priced, high- 

quality ball and roller bearings 

are continually rolling off 

S0SF's production lines. So 

why not get all the facts on 

those you can use? Just call the 

nearest of our twenty-five sales 
: Cylindrical * 

offices. 5927 Roller Bearing 





EVERY TYPE-—EVERY USE 


okF. 


SKF INDUSTRIES, INC., PHILADELPHIA 32. PA. 


* REG. U.S. PAT. OFF. 
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this simple fastener 
cut the cost 
of your product e 





Rollpin aids standardization and reduces inventory 


Rollpin readily replaces taper pins, grooved pins, straight pins and 
set screws; it can be used as a locating dowel, hinge pin, cotter pin, 
stop pin or, in some applications, even as a rivet. Thus, when you 
standardize on a Rollpin you can drastically reduce the variety of 
fasteners in your inventory—save money in purchasing, storage 
space and stock handling. 








Rollpin simplifies production processing .. . saves man-hours 


When you use Rollpin you can eliminate costly precision drilling, or 
tapping operations. And there’s no need for any secondary locking 
operation—such as lock wiring or peening. That’s because Rollpin 
is a slotted tubular steel spring whose chamfered ends drive easily 
into standard production-drilled holes, compressing as driven. The 
spring tension against the hole walls retains Rollpins securely 
against severe vibration. Independent studies have shown that in- 
stalled costs of Rollpin are as much as 91% less than those for a 
dowel pin or 95% less than the installed cost of a taper pin. 














Rollpin simplifies product maintenance 


Only a drift pin or standard punch is required to remove a Rollpin. 
The slotted tubular shape and the spring action principle do not 
damage hole walls or enlarge the original hole diameter. Conse- 
quently the same pin is easily re-inserted and can be used again and 
again. Mail our coupon today for the complete Rollpin story. 











Dept. R58,-74, Elastic Stop Nut 
Corporation of America 

2330 Vauxhall Road 

Union, New Jersey 

Please send the following free 
fastening information 

0D Rollpin bulletin 

0 ELASTIC STOP® nut bulletin 

0 Here is a sketch of a fastening 


Elastic Stop Nut Corporation of America [ae = pling 2s Aa 




















© Bai, Wold 
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CLASS 8501“ _ 
TYPE DO-22 


Here’s why designers and 
users alike prefer Square D... 


Complete selection « Relays available for 
both AC and DC systems—with up to 10 con- 
tacts—in both electrically and mechanically 
held forms. Timing relays with intervals from 
0.2 second to 3.0 minutes—also in AC and 
DC versions. 

Require less panel space « Relays are only 
3” wide, range in height from 344" to 5". Timers 
are just 2%" x 4%" or 22" x 7°". Mechani- 
cally held relays require no extra panel space. 
No mounting problems « All Type D relays 
and Type A timers have identical mounting 
hole dimensions. 


These 
2 UNITS 
are the basis 


CLASS 9050 
TYPE AO-1E 


Easy wiring « Choose either pressure wire connectors or 


slip-on connectors for all terminals. 


Long life « Balanced construction reduces wear on single 
moving part. Epoxy-resin molded coil operates cooler, vir- 


tually eliminates coil burnout. 


SQUARE J) COMPANY 


MacHINE DesiGN 





Square D swzw-secvcaco Relays 





Easy-to-use attach t DC relays have presence dimensions 
Square D Type D relays available any Type D relay to mechanically held and tact ar 
with up to 10 contacts with no increase in panel space identical to ac relays 





WIDE CHOICE OF Laat 


¢ * al ij . 
ited r i . > 
<S. : . 
—— ie i 4 * : 
. ‘i $ a ao ; 
az . a ; 
‘ 4 ma 
3 
{ é . 
© 
i¢, ; 
P 
Both AC and DC versions convertible 


Timing relays have same mounting from on-delay to off-delay, using 
dimensions as Type D relays Matching DC timing relays only a screwdriver 


FAMILY FEATURES SIMPLIFY DESIGN PROBLEMS 


Disassembly from 
front in 20 seconds, 
makes Square D 
Type D relays easi- 
est to maintain 








' 
! 
! 
' 
| 
! 
| 
| 
! 
| 
| 
' 
' 

















Mounting dimensions are identical Slip-on connectors 
for Type A timers and Type D relays for all terminals available 


\ 
\ Write for full details » Ask for Bulletin D, Square D Company, 4041 N. Richards St., Milwaukee 12, Wis. 
‘ 


\ 
\ Square D offers the broadest line of relays, starters and accessories for all types of contro! systems 
‘ 


Ask your Square D Field Engineer about the new/LO program «> 6) ae en 
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Practical 
Design Tips 


Number 2 of a series. 
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TO STOP SMASHING DIE STOPS, substitute a Vlier Spring 
Plunger for the usual square-head screw. The plunger 
actuates the automatic stop perfectly and, unlike the screw, 
never needs adjusting no matter how many times the die 
is resharpened. Available in four models: 50 sizes. 








SSO 


di hi i a ao ah scsi hs MeN Rc iil ol 
TO LEVEL MACHINE TOOLS, electronic racks, benches, etc., 
use the standard Vlier leveling pad. The pad swivels to 
7%° each side of the center line; adjusts automatically to 
uneven surfaces. Unique ball-joint design distributes 
weight over entire pad surface. 


New catalog now ready! 
Send for your copy today. 
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Substituting simple, off-the-shelf Vlier Tooling 
Accessories for complicated, custom-made devices 
in both tooling and original equipment applications 
can result in important savings. Why not put them 
to work in your plant? 





TO CUSHION SHOCK as the bed traverses, this surface 
grinder manufacturer uses two Vlier Spring Stops, reduc- 
ing wear and tear on the machine. These clever, spring- 
loaded devices, ordinarily used on fixtures where the 
absence of side walls prevents the use of spring plungers, 
are now available in three standard sizes: 3 end pressures. 
Special sizes made to quantity orders. 


TO GET NEW IDEAS on how to save with Vlier Tooling 
Accessories, send for new 28-page booklet “Typical Appli- 
cations of Vlier Tooling Accessories:’ It suggests dozens of 
ways to use these time-savers in both tooling and original 
equipment applications. Write for your copy today. 


Insist on Vlier Tooling Accessories... 
there’s still no substitute for quality! 








ENGINEERING 


CORPORATION 








8900 Santa Monica Blivd., Los Angeles 46, California 
A Subsidiary of Barry Controls, Inc. 
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Butyl’s high resistance to ozone is graphically demonstrated 
when compared with SBR or natural rubber 


Enjay Butyl rubber has demonstrated 
for many years its outstanding ability 
to resist deterioration caused by sun- 
light and weathering. This inherent 
resistance of Butyl to ultra-violet 
light, ozone, oxidation, moisture and 
mildew, has made possible many new 
and colorful products. Buty! has also 
increased the life of other products 
such as weatherstrips, protective 
coating, garden hose, wading pools 
and many automotive parts. 


Buty] also offers...outstanding re- 
sistance to chemicals, abrasion, tear 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY COMPANY, INC., 15 West 51s: Street, New York 19, N. Y. 
Akron + Boston + Charlotte » Chicago + Detroit « Los Angeles « New Orleans + Tulsa 
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and flexing...superior damping 
qualities ... unmatched electrical 
properties and impermeability to 
gases and moisture. 


For more information call or write 
the Enjay Company. 








NewROLLWAY 


TANDEM THRUST BEARING 


Using axial space along the shaft, rather than enlarging the housing 
diameter, this new Rollway tandem thrust bearing distributes the load 
over two or three stages of roller components. Gives 2 to 3 times more 


thrust capacity than conventional thrust bearings. Life expectancy is 
8 to 12 times longer depending upon the number of stages. 


Each stage comprises a rotatable bearing plate 
. . . a bronze retainer with thru-hardened steel 
rollers...a compression sleeve...and a stationary 
bearing plate. The thrust load is applied to the first 
stage and is by-passed by each compression sleeve 
TWO STAGE in turn to the remaining stage or stages. 


ween Calculated deformation of the bearing plates dis- 
22 sizes, up to 17” bore, tributes the load uniformly on all rollers. A greater 
34” O.D., and number of rollers in the first stage carries about 
2,325,000 Ib. capacity 60% of the load, without increasing the load per 
at 100 rpm roller. Compression sleeves have cross-sectional 
areas proportional to the load imposed. Roller vari- 

ance is held within one ten-thousandth inch. 





Complete Specifications on Rollway Tandem 
Thrust Bearings, as well as other up-to-date 
information on bearing design is yours for the 
asking. See your Rollway engineer, or write: 
THREE STAGE Rollway Bearing Company, Inc., Syracuse, N. Y. 
TANDEM 


5 sixes, up to 17” bore, 


ee ) 
34” O.D., and . ¢ mZ | 
3,410,000 Ib. capacity = ~*~“ | 
at 100 rpm / | 


BEARINGS 











Tandem Thrust Bearing manufactured by Rollway Bearing Company, Inc. 
under U.S. Patent Number 2,374,820. 


ENGINEERING OFFICES: Syracuse « Chicago « Toronto « Cleveland « Seattle « San Francisco « Boston « Detroit « Pittsburgh e Houston « Philadelphia « Los Angeles 
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! 
Some Ideas for your file of practical infor 
! 


One of the ways to judge a skilled crafts- 
man is by the tools he uses. They’re in- 
variably the best he can find — chosen to 
lighten his work, sharpen his skills. And, 
if the craftsman is a draftsman, they are, 
more often than not, products of K&E. 


It may be that some of these products have 
escaped your attention (after all, we offer 
something over 8000 items). That’s why 
we suggest you pay a visit to your K&E 
dealer whenever you can. It’s a liberal edu- 
cation on what’s new — as well as what’s 
tried and true — in drafting equipment. 


You'll find many products like these which 
can be highly useful in your work... 


K&E “Quick Set'’ Bow Compass 


The most remarkable feature of this com- 
pass is the speed and ease with which you 
can change settings—from diameters of 12 
inches to 1/16 inch. With one hand, you 
can increase or decrease radii instantly and 
exactly. To go from small to larger radius, 
just press a spring release, and the legs wili 


expand automatically. Stop approximately 
where you want, and make precise adjust- 
ments with a micrometer screw. To go 
from large to small, simply squeeze the 
legs of the compass together, then adjust 
precisely. 


The K&E Quick Set combines the rigidity 
and precise adjustment of a standard bow 
compass, the simplicity and speed of a 
friction type compass, plus the finger tip 
control of K&E’s unique design. You have 
to try the Quick Set to appreciate it fully 
Two types are available. The N1071 fixed 
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mation on drafting and reproduction 
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leg pencil compass, and the N1070 com- 
bination with interchangeable pen and 
pencil inserts. Both come with a box con- 
taining leads and spare needles. And with 
the N1070, a pen handle is provided for 
the pen insert which permits its use as a 
ruling pen. The compass can also be used 
as a divider by substituting one of the 
spare needle points for the lead in the pen- 
cil insert. 


Marathon® Ruling Pens 


K&E Marathon Long Line and Wide Line 
Ruling Pens (1092) hold an extra large 


ink supply — draw lines up to eight times 
longer than ordinary ruling pens. And 
because they are pre-set, line widths are 
always uniform, easy to match with com- 
plete accuracy. Ink flow is regular and 
even, lines are always sharp and clean 
edged. 


An important feature of K&E Marathon 
Ruling Pens is that they will not leak. They 
can be laid on the work surface without 
risk of ink flowing out. That means you 
can fill several pens of different widths, 
use them as freely as you'd use pencils. 
They’re easy to clean, too. 


K&E Marathon Long Line Ruling Pens are 
available individually in line widths of 
.006, .009, .013, .020 inch — or in sets of 
three pens in line widths of .009, .013, .020 
inch in a Leatherite case. Marathon Wide 
Line Ruling Pens come in line widths of 
.030 and .060 inch. 


Leroy® Height and 
Siant Control Scriber 


A versatile new Leroy scriber is now avail- 
able which greatly expands the variety of 
lettering possible from a standard Leroy 
template. 


Now, with the new Height and Slant 
Control Scriber (3237-12), you can form 
characters from vertical to slanting at any 
angle up to 45° » vo 

forward. You can | 

vary height from 

60% to 150% of 7 

the size of letters | 

on the template | 

used. The width 

of letters remains 7 

the same. : 


Combinations of height and slant can be 
set quickly and easily. You just loosen the 
knob, move the scriber arm to the desired 
combination of height and slant, and tight- 
en. That’s all there is to it. 


Stop in to see your nearest K&E dealer 
and ask to see these three products—small, 
perhaps, but mighty handy in the drafting 
room. Or drop us a line by mailing the 
coupon below... 


I'd like more information on: 


[1] K&E Quick Set Compass 
©) Marathon Ruling Pens 


a icici teenie 


Company & Address__ 


KEUFFEL & ESSER CO., Dept. MD-7, Hoboken, N. J. 


[] Please send me the name and address of my nearest K&E Dealer. 


[] Leroy Height and Slant 
Control Scriber 
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NewROLLWAY 


TANDEM THRUST BEARING 


Using axial space along the shaft, rather than enlarging the housing 
diameter, this new Rollway tandem thrust bearing distributes the load 
over two or three stages of roller components. Gives 2 to 3 times more 


thrust capacity than conventional thrust bearings. Life expectancy is 
8 to 12 times longer depending upon the number of stages. 


Each stage comprises a rotatable bearing plate 

. a bronze retainer with thru-hardened steel 

rollers...a compression sleeve...and a stationary 

bearing plate. The thrust load is applied to the first 

stage and is by-passed by each compression sleeve 
in turn to the remaining stage or stages. 


Calculated deformation of the bearing plates dis- 
22 sizes, up to 17” bore, tributes the load uniformly on all rollers. A greater 
34” O.D., and number of rollers in the first stage carries about 
2,325,000 Ib. capacity 60% of the load, without increasing the load per 
et 100 rpm roller. Compression sleeves have cross-sectional 
areas proportional to the load imposed. Roller vari- 

ance is held within one ten-thousandth inch. 











Complete Specifications on Rollway Tandem 


Thrust Bearings, as well as other up-to-date 

information on bearing design is yours for the 

asking. See your Rollway engineer, or write: 
ch 


Rollway Bearing Company, Inc., Syracuse, N. Y. 





THREE STAGE 
TANDEM 


5 sizes, up to 17” bore, V/ 4 \} N | 


ae eee) CTT 
c ; LV BEARINGS 























ER BEARIN 


Tandem Thrust Bearing manufactured by Rollway Bearing Company, Inc. OMPLETE UNE OF RADIAL A 
under U.S. Patent Number 2,374,820. 


ENGINEERING OFFICES: Syracuse « Chicago « Toronto e Cleveland « Seattle « Son Francisco « Boston « Detroit « Pittsburgh e Houston » Philadelphia e Los Angeles 
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Some Ideas for your file of practical infor 
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One of the ways to judge a skilled crafts- 
man is by the tools he uses. They're in- 
variably the best he can find — chosen to 
lighten his work, sharpen his skills. And, 
if the craftsman is a draftsman, they are, 
more often than not, products of K&E. 


It may be that some of these products have 
escaped your attention (after all, we offer 
something over 8000 items). That’s why 
we suggest you pay a visit to your K&E 
dealer whenever you can. It’s a liberal edu- 
cation on what’s new — as well as what’s 
tried and true — in drafting equipment. 


You'll find many products like these which 
can be highly useful in your work... 


K&E “Quick Set"" Bow Compass 


The most remarkable feature of this com- 
pass is the speed and ease with which you 
can change settings—from diameters of 12 
inches to 1/16 inch. With one hand, you 
can increase or decrease radii instantly and 
exactly. To go from small to larger radius, 
just press a spring release, and the legs wili 


expand automatically. Stop approximately 
where you want, and make precise adjust- 
ments with a micrometer screw. To go 
from large to small, simply squeeze the 
legs of the compass together, then adjust 
precisely. 


The K&E Quick Set combines the rigidity 
and precise adjustment of a standard bow 
compass, the simplicity and speed of a 
friction type compass, plus the finger tip 
control of K&E’s unique design. You have 
to try the Quick Set to appreciate it fully. 
Two types are available. The N1071 fixed 
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leg pencil compass, and the N1070 com- 
bination with interchangeable pen and 
pencil inserts. Both come with a box con- 
taining leads and spare needles. And with 
the N1070, a pen handle is provided for 
the pen insert which permits its use as a 
ruling pen. The compass can also be used 
as a divider by substituting one of the 
spare needle points for the lead in the pen- 
cil insert. 


Marathon® Ruling Pens 


K&E Marathon Long Line and Wide Line 
Ruling Pens (1092) hold an extra large 


mation on drafting and reproduction 
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ink supply — draw lines up to eight times 
longer than ordinary ruling pens. And 
because they are pre-set, line widths are 
always uniform, easy to match with com- 
plete accuracy. Ink flow is regular and 
even, lines are always sharp and clean 
edged. 


An important feature of K&E Marathon 
Ruling Pens is that they will not leak. They 
can be laid on the work surface without 
risk of ink flowing out. That means you 
can fill several pens of different widths, 
use them as freely as you'd use pencils. 
They're easy to clean, too. 


K&E Marathon Long Line Ruling Pens are 
available individually in line widths of 
.006, .009, .013, .020 inch — or in sets of 
three pens in line widths of .009, .013, .020 
inch in a Leatherite case. Marathon Wide 
Line Ruling Pens come in line widths of 
.030 and .060 inch. 


Leroy® Height and 
Slant Control Scriber 


A versatile new Leroy scriber is now avail- 
able which greatly expands the variety of 
lettering possible from a standard Leroy 
template. 


Now, with the new Height and Slant 
Control Scriber (3237-12), you can form 
characters from vertical to slanting at any 
angle up to 45° pom 

forward. You can | \ 

vary height from + 

60% to 150% of © 

the size of letters © g, 

on the template | 
used. The width ¢ 

of letters remains #4 
the same. “ry 


Combinations of height and slant can be 
set quickly and easily. You just loosen the 
knob, move the scriber arm to the desired 
combination of height and slant, and tight- 
en. That’s all there is to it. 


Stop in to see your nearest K&E dealer 
and ask to see these three products—small, 
perhaps, but mighty handy in the drafting 
room. Or drop us a line by mailing the 
coupon below... 


I'd like more information on: 


C) K&E Quick Set Compass 
[] Marathon Ruling Pens 


i Yee 


Company & Address-_ 


KEUFFEL & ESSER CO., Dept. MD-7, Hoboken, N. J. 


[] Please send me the name and address of my nearest K&E Dealer. 


[) Leroy Height and Slant 
Control Scriber 


1619 
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Who counts ’em? 
CAMBRIDGE does... 


.. . because exact mesh count and mesh 
size are the trademarks of Cambridge 
INDUSTRIAL WIRE CLOTH. 


But, quality isn’t the whole story. When 
you call Cambridge for industrial wire 
cloth, you also get service . . . prompt 
answers to your inquiries . . . quicker 
deliveries . . . and an experienced Field 
Representative who follows up your order 
to make sure our product is giving you 
the best possible service. Let us quote 
on your wire cloth needs. We manu- 
facture wire cloth from any metal or 
alloy—including titanium— in nine basic 
weaves. Very likely, we have what you 
require in our warehouse right now. For 
samples or more information, call your 
Cambridge Field Engineer...he’s listed in 
the yellow pages under “‘Wire Cloth’’. Or, 
write for FREE 94-PAGE CATALOG. 


The Cambridge 
Wire Cloth Co. 


Department N e Cambridge 7, Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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Technical data for 
gasket design and selection 
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How bolt length and initial torque loads 
affect torque retention on gasketed joints 


Choosing a gasket 
for service under 
high heat, high loads 


Combinations of elevated temperature 
and high flange loads—as found, for 
example, in compressor heads and 
automatic transmissions—often result 
in gasket extrusion and serious loss of 
bolt torque. 

If internal pressures are also high, 
or contained fluids or gases may attack 
the gasket—as in refrigeration com- 
pressors—the service conditions be- 
come even more critical. 

Accopac AN-890—a new beater- 
saturated asbestos gasket developed 
by Armstrong research—will seal un- 
der these rigorous conditions. 


Laboratory test checks the combined 
effect of refrigerant gas and high 
temperature on Accopac AN-890. 
Flange at left contains refrigerant at 
130 psi; flange at right contains no 
gas. After initial torquing at room 
temperature, flanges were heated to 
300° F. and torque measured at 24- 
hour intervals for one week. Test 
showed no loss of torque on AN-890. 


AN-890 is a blend of refined asbes- 
tos fibers and nitrile-type rubber that 
withstands temperatures up to 800° 
F. It will not crush or extrude under 
test loads of 100,000 psi at 300° F. 
And it has unusual torque retention 
and sealing properties in many appli- 
cations where heat, high flange loads, 
and high internal pressures are en- 
countered. 

AN-890 is one of the line of Arm- 
strong Accopac materials. It is avail- 
able in rolls, sheets, ribbons, or die-cut 
parts. For more information, write for 
a copy of our folder IND-915. 
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To deal with problems of excessive 
torque loss in gasketed flanges—par- 
ticularly those which operate at high 
temperatures—design engineers need 
to know (1) what the effect is of bolt 


Here, bolt length is defined as the dis- 
tance from the underside of the bolt 
head to the face of the opposing 
flange—including compressed gasket 
thickness and any washer. 


length on maintaining torque; and (2) 
how the proportion of retained torque 
varies with the amount of _ initial 
torque. 


100 


90 


25 FT/LBS 
80 


15 FT/LBS 
70 


10 FT/L8S 


BOLT TORQUE RETAINED — % 


loads at room temperature, and the 
flanges were placed in an oven at 300° 
F. After 18 hours, the torque was re- 
checked while the flanges were still 
hot. The results of this testing are 
shown on the chart below. 

As this indicates, low initial torque 
loads lose proportionately more than 
higher loads. At 10 ft-lbs, for example, 
the average loss for all bolt sizes tested 
was 37%. At 25 ft-lbs, the average 
loss was about 8%. 

The tests also show that longer bolts 
maintain torque better across the 
range of torque loads. The differences 
are, of course, more significant at the 
higher pressures. Although results in 
this direction were to be expected, the 
differences are surprisingly large. 

If you have a specific problem re- 
lated to torque retention on gasketed 
flanges . . . or any other question about 
the design, selection, or performance 
of gaskets . . . we will be glad to make 
suggestions to you. Send details to the 
address below. 





BOLT LENGTH 


Curves show % of initial bolt torque retained after 18 hours at 300° F. Initial torque 
is indicated at beginning of each curve. 5/16-24 NF hard steel bolts were used. 


To get the answers to both ques- 
tions simultaneously, Armstrong re- 
search engineers prepared separate 
steel flanges to accommodate three 
bolt lengthsx—4”, 1”, and 1%”. (See 
diagram for definition of bolt length.) 
The flanges were gasketed with an 
Armstrong asbestos material—Acco- 
pac AN-890—in 1/32” gauge. 

The bolts were torqued to specific 





For your copy of 
our Gasket De- 
sign Manual, 
write to Arm- 
strong Cork Co., 
Industrial Divi- 
sion, 7107 Dean 
St., Lancaster, 
Pennsylvania, 





(Aymstrong GASKET MATERIALS 


. used wherever performance counts 


Circle 467 on Page 19 





(Advertisement) 


Information Bulletin 





A REVIEW OF PHOSPHATE COATINGS 
Specified for the Protection of Metal Surfaces 


By HUGH GEHMAN, Assistant Manager, Product Development Dept., AMCHEM PRODUCTS, INC. 


Phosphate coatings are protective in- 
organic finishes that actually change 
the chemical nature of metal surfaces. 
The metal reacts with the applied 
phosphate solution to form a nonmetal- 
lic, crystalline coating which serves to: 


© improve paint adhesion 

® Provide protection against corrosion 

® Increase lubricity of friction surfaces 

© Facilitate mechanical deformation of metals 
© Decorate—in many instances 


Satisfactory protection of steel, 
zine and aluminum surfaces against 
corrosion, paint peeling and blistering, 


Typical automotive spray installation. 


and hard wear requires precision meth- 
ods of chemical conversion coating. 


Types of Conversion Coatings 
There are seven classes of chemical 
conversion coatings commonly speci- 
fied and used throughout industry 
today. They are as follows: 


Zinc-iron phosphate (Amchem 
Granodine). This is the heaviest type 
of coating (gray in color) used for 
prepaint treatments on steel, iron 
and zine surfaces. The process re- 
quires five or six operations: cleaning; 
rinsing; rust removal, if necessary; 
coating; rinsing; and a second rinse. 
Coating weight ranges from 100 to 
600 mg per sq. ft. 

Medium or large volume produc- 
tion of automobile bodies, appliances, 
projectiles and cabinets can be han- 
dled effectively. 

The coating solution improves 
paint adhesion by forming a crystal- 
line deposit over the metal surface. 
This deposit is rough, as revealed 
microscopically, and so offers an ideal 
gripping surface for paint particles. 


Manganese-iron phosphate 
(Amchem Thermoil-Granodine). This 
is a heavy black coating used on fric- 
tion surfaces to prevent galling, scor- 
ing and seizing of parts. Typical 
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metal parts treated are pistons, pis- 
ton rings, gears, cylinder liners, cam- 
shafts, tappets and various small 
arms components. 


Typical appliance treatment line. 


lron phosphate (Amchem Duridine). 
This is a comparatively new process 
that places a light coating on surfaces 
for improved paint adhesion. Since 
cleaning and coating occur in the 
same bath, it has only three to 
five stages. 

The iron phosphate treatment is a 
spray process suited for medium to 
large volume, large or small work. 
Precleaning is normally unnecessary, 
an economy factor in its favor. 

Products protected by this process 
are steel or iron fabricated units, such 
as cabinets, washing machines and 
refrigerators. Weight of coating is 50 
to 100 mg per sq. ft. 


Zinc phosphate (Amchem Litho- 
form). This is a crystalline coating 
produced on galvanized iron and 
other zinc surfaces—also cadmium— 
for improving paint adhesion. The 
purpose of the coating is to provide 
a paint-gripping surface and to pre- 
vent the reaction between acidic 
components of the paint and the zinc 
metal, with the formation of soaps 
and loss of paint adhesion. 

This coating is applied in weights 
of 75 to 500 mg per sq. ft. There are 
no limitations on volume or produc- 
tion or on size of products treated. 
Zine phosphate coating is used on 
zine alloy die castings, zinc or cad- 
mium plated sheet or components, 
hot dip galvanized stock, and 
Galvanneal. 


Amorphous phosphate (Amchem 
Alodine). This a protective coating 
for aluminum and aluminum alloys. 








Typical aircraft dip installation. 


It may be used in place of anodic 
deposition for improved paint adhe- 
sion and corrosion resistance. 

This coating is practical for pro- 
duction in any volume. Coating 
weight is 100 to 600 mg per sq. ft. 
Products treated include aluminum 
awnings, doors and windows, aircraft 
and aircraft parts, missile parts, roof- 
ing and siding. Particularly good 
when aluminum is painted prior to 
forming. 


Zinc-iron phosphate for oil absorp- 
tion (Amchem Permadine). This is a 
relatively heavy coating adapted to 
the retention of rust-inhibiting dry- 
ing or nondrying oils and waxes on 
ferrous metal surfaces. The coating 
is applied to a weight of 1000 to 
4000 mg per sq. ft. 


Typical continuous strip line installation. 


The process is satisfactory for large 
or small work in any volume—niuts, 
bolts, hardware, guns, tools, etc. 


Zinc-iron phosphate for metal form- 
ing Py eh i Granodraw). This is 
a specialized coating used in con- 
junction with a suitable lubricant to 
facilitate the cold mechanical de- 
formation of steel. The coating acts 
as an anchor for the lubricant 
throughout drawing, extrusion, and 
cold forming operations. 

It is a successful treatment for 
products such as blanks and shells 
for cold forming, heavy stampings, 
impact extruded shapes, drawn wire 
and tube. 


For more complete information. about any 
one or all of these chemical conversion coat- 
ings, contact an Amchem sales representa- 
tive or write us at Ambler 18, Pa. 


AMCHEM PRODUCTS, INC. (Formerly American Chemical Paint Co.) 


AMBLER 18, PA. « Detroit, Mich., St. Joseph, Mo., Niles, Calif., Windsor, Ont. 


Amchem, Granodine, Thermoil-Granodine, Duridine, Lithoform, Alodine, 
Permadine and Granodraw are registered trademarks of Amchem Products, Inc. 
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STARTLING RESULTS 


Out of M-F research and 


development labs has come a lock 


nut that has amazed even those who first conceived it. A 
free-spinning surface-bearing lock and tension nut which 
surpassed expectations even in the earlier models. 

The Whiz-Lock principle (an entirely new concept in 
fastening) has been a well-kept secret for over a year. 


Now patent applications 


are in—and this startling device 


is ready for designers, engineers and production men to 
uncover new properties and uses for this amazing fastener. 


LOW COST, 100 


Try this amazing Whiz-Lock 
test for yourself! 


Apply a common nut with as much 
torque as you can. Torque to release 
it doesn't even reach application 
torque. 

Now spin on a Whiz-Lock, tighten 
—and try to break it loose! (Cau- 
tion: do not attempt on glass-top 
or light-weight desks.) 


For oversize holes or wherever flange use is 
indicated, the same WHIZ-LOCK principle is 
available in flange nuts and screws. 


MACLEAN-FOGG LOCK NUT COMPANY 


Whiz-Lock was released only when its design 
was capable of precision manufacture on con- 
ventional machinery. Thus Whiz-Lock is NOT a 
premium-priced nut! 


THE CURVE of the TEETH 
UNIFORM TORQUE-TEN- 
SION HIGHEST “BREAK- 
LOOSE" TORQUE 


THE ANGLE of the BASE 


EFFICIENT on ANY SURFACE 
(even depressed side of 
punched holes) INITIAL CON- 
TACT and LOCK IMMEDI- 
ATELY NEXT TO SCREW or 
BOLT HOLE ALL LOCKING 
STRENGTH WITHIN NUT 
CIRCUMFERENCE 























-The unequalled locking ability of the 
Whiz-Lock is only one of its many 
advantages to designers, engineers 

and production men. 

* One piece * Free spinning * Very high tension * High 

strength—heat treated * High re-useability * Consistent 

—uniform torque tension * Highest release torque to 

application torque * Low cost 


dd 
\\" leh + ‘al \ | 


a » \ 


ON-and-OFF-TORQUE 
RATIO CHART 


TORQUE-TENSION 
CHART 


NOTE the excellent torque-tension and 
“‘apply and release" ratio of the M-F Whiz- 
Lock in both tests. 


SEND FOR BROCHURE... information on sizes 
and dimensions... M-F Whiz-Lock Nuts and 
Screws and M-F Flange Nuts and Screws 


Patents pending 


5535 N. Wolcott Avenue « Chicago 40, Ill.* EDgewater 4-8420 
IN CANADA: THE HOLDEN CO., LTD., MONTREAL 
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New line of precision sub-miniature DC motors 
with optional speed governors and gear trains 


The new Cramer Type 810 sub-minia- 
ture DC motors have been perfected to 
meet the growing need for a unit com- 
bining very light weight with high effi- 
ciency and accurate speed control, in a 
standard %” cylindrical frame. These 
motors are available with or without 
speed governors and gear trains, offer- 
ing the user an exceptionally wide 
choice to meet most application needs. 


Operation 

Type 810 motors, without the addition 
of a speed governor, have a nearly 
linear relationship of speed to applied 
voltage, and of speed to load or torque. 
Precise control of armature winding 
permits an unlimited selection of oper- 
ating characteristics in terms of these 
three basic factors. In the ungoverned 
versions, accurate speed control can 
easily be obtained by varying the ap- 
plied voltage below the rated maxi- 
mum. Efficiency remains high over 
virtually the entire operating range. 


Speed Governors 


These are of the internal, vibrating- 
reed type, regulating motor speed on 
the basis of average power supplied to 
the armature circuit, and require no 
separate brushes and no external arc- 
suppression network. The effective 
degree of speed regulation will depend 


on several factors in each instance. In 
general, however, under a combination 
of load and voltage variation the speed 
will not vary more than +2% with a 
+20% voltage change and a +50% 
load change from nominal. The speed 
at which the unit regulates is set accu- 
rately at the factory, to meet the user’s 
specified requirements. 


Gear Trains 


The addition of a gear train provides a 
wide range of output shaft speed reduc- 
tions, with a corresponding increase of 
available output torque to a maximum 
continuous load of 50 ounce-inches. 
Seventy-three different gear ratios are 
available, from 48:1 to 13,000:1. 


Features 


OPERATING VOLTAGE—-any specified DC 
voltage from 3 to 30 volts. Armature 
is wound for the specified voltage, load 
and speed. 


OUTPUT SPEEDS — no-load speeds from 
5,000 to 20,000 rpm, with different 
armature windings as required by the 
application. 


SPEED REGULATION (governed) — +2% 
for +20% voltage change and +50% 
load change from nominal. 


ARMATURE — precision ground, Mylar 
insulated, lacquered and baked. 


TYPE 810Z 


COMMUTATOR — molded type, ground 
and polished. 

BRUSHES — Cartridge type for easy re- 
placement, with springs soldered to 
brushes and holders to insure positive 
electrical connection. 


MAGNET — Alnico VI, with machined 
pole pieces. 


BEARINGS — precision ball bearings, life 
lubricated to meet the specific require- 
ments of the application. 


SHAFT — type 416 stainless steel. 


GEAR TRAINS — precision-cut 120 pitch, 
integrally hobbed with pinions to mini- 
mize eccentricity. 


HOUSINGS — anodized aluminum. 


WEIGHts — from 2.1 oz. to 4.7 oz., 
depending on choice of speed governor 
and gear trains. 


THREE OTHER BASIC DC MOTORS OF BROAD USEFULNESS 


OPEN-FRAME MINIATURE TYPE 820 
Type 820 resembles Type 810 (above) in 
its basic operating characteristics, and is 
even smaller in size and lighter in weight. 
Available only in standard form, without 
speed governor or gear train, it operates 
on any specified DC voltage from 3 to 30 
volts. No-load output speeds range from 
5,000 to 30,000 rpm, depending on arma- 
ture winding. Special magnet design per- 
mits an extremely light weight of only 1.4 
oz. DETAILS IN BULLETIN PB-820. 


136" CYLINDRICAL TYPE 830 


Type 830 is a slightly larger version of the 
basic %” motor (Type 810), permitting 
larger load capacity at equivalent speeds, 
and is offered with or without speed gov- 
ernors. Armatures are wound for any spec- 
ified voltage from 3 to 30 volts DC. No- 
load output speeds range from 5,000 to 
20,000 rpm, depending on winding. 
Weights of ungoverned motor, approx. 8 
oz.; governed, about 8.25 oz. Alternate 
mounting arrangements are available. 
DETAILS IN BULLETIN PB-830. 


ELLIPTICAL GEAR TRAIN TYPE 800 


Offering an unusually wide range of out- 
put speeds, with high torque, low current 
drain, and excellent speed characteristics. 
Output speeds from 2 rpd to 900 rpm, 
with torque as high as 30 oz-in. Operating 
voltage may be any specified value from 
3 to 30v DC. Type 800 is also available 
without gear train, for output speeds from 
960 to 3,000 rpm. Speed regulation is 
within +10%, current drain as low as 30 
ma. DETAILS IN BULLETIN PB-800. 


CRAMER CONTROLS 


CORPORATION 
Box 6, Centerbrook, Connecticut 
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whatever the 
machine tool 
application... 

you can depend on 
CUNO 

engineered filtration 


CUNO Filters are vital to the efficient operation of 
machine tool lubrication, hydraulic, and coolant sys- 
tems. By removing damaging particles, they help 
reduce maintenance and replacement costs by pro- 
tecting bearings, gears, valves, pumps, controls, etc. 
...help improve the quality of the product being 
manufactured. 

Depending upon the specific application, CUNO 
offers you three basic filter types ... CUNO Positive 
Self-Cleaning Edge-Type, CUNO Automatic 
Self-Cleaning Wire Wound Type, CUNO Disposable 
Depth Cartridge Filter ... available in a variety of 
housings to meet any flow requirement. 

Whenever you have a filtration problem—involving 
either a built-in application or a centralized system— 
write us. Our engineers will welcome the opportunity 
to demonstrate how you can depend on CUNO. 
































THE CUNO ENGINEERING CORP., Dept. 12, MERIDEN, CONN. 


A Leader in Industrial Filtration for More Than 30 Years 
In Canada: Peacock Bros., Ltd., P. O. 80x 1040, Montreal 3, P.Q. 
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ACTUAL SIZE 


1 HP 1800 RPM 
ENCLOSED 








General Electric Thinline Motor — 


SHORT, LIGHT AND VERSATILE 


You can easily eliminate one of your motor installa- 
tion problems with General Electric’s new polyphase 
motor for limited-space mounting. 

Up to eight inches shorter and 26 pounds lighter than 
standard flange-mounted motors, General Electric’s 
new Thinline motor will let you meet your horsepower 
requirements in considerably reduced installation space. 
By getting more horsepower in less space, you will be 
able to design more compact equipment in the future. 
On your present equipment, the Thinline motor’s 
smaller overhang reduces required equipment space 
or gives operators more working area. 

Easier to handle and position during installation, 
the Thinline motor minimizes mounting problems. 
Your assemblers will be able to work faster with less 
fatigue. And the 26-pound weight reduction lets you 


INTERCHANGEABLE FLANGE DIMENSIONS 





1 hp 12 
1% and 2 hp 10.25 














3 hp 14 




















5. hp 13 





save substantially on shipping costs! 

A wide choice of enclosures and mounting dimen- 
sions adds versatility to the Thinline motor’s flange- 
type design. Thinline motors are available from 1 to 5 
HP in both dripproof and totally-enclosed constructions. 

Mounting versatility is provided by vour choice of 
three mounting flanges for each Thinline motor rating. 
Any of the three available flanges (see the chart below) 
can be used for all-angle mounting—without adding 
to motor length. 

You can get the answer to your Thinline motor appli- 
cation question simply by calling your nearby General 
Electric Apparatus Sales Office. If you have not re- 
ceived your copy of General Electric’s Thinline motor 
publication, write to Section 840-28, General Electric 
Co., Schenectady, N. Y. Ask for Bulletin GEA-6927. 


KNOWN APPLICATIONS 


Fans and Blowers Floor Machinery 


Food Machinery Paper Machinery 
Textile Machinery Pumps and Compressors 


Machine Tools and Metalworking Machines 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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YOUR ONE BEST SOURCE FOR ; al 
Everything in a 


Hydraulic Hose 











er. 


LOW PRESSURE HOSE--Fiexonics 
offers the most extensive line of 
low pressure hose available today. 


TEFLON* HOSE —Flexonics offers a EXPERT ENGINEERING —To assist in 
full range of stainless steel braided the selection and design of hose 
swe ¢ steam and chemical ap- assemblies for your ication. 

plications. 


* DU PONT TRADE MARK 














For hose, hose assemblies, couplings and adapters in all sizes and 
designs . . . depend on Flexonics. Skilled Flexonics application 


engineers have more to work with . . . have unparalleled experience 
in supplying every segment of industry. For large or small require- 


ments — standard or special — consult Flexonics. 


WRITE TODAY FOR DESCRIPTIVE LITERATURE 


TOMORROW'S 
ENGINEERING 
TODAY 


INDUSTRIAL HOSE 


FLEXONICS CORPORATION + 1339 SOUTH THIRD AVENUE - MAYWOOD, ILLINOIS 


Divisions 
INDUSTRIAL HOSE - EXPANSION JOINT - BELLOWS - AERONAUTICAL + AUTOMOTIVE 
Flexonics Research Laboratories, Elgin, Illinois 
In Canada: Flexonics Corporation of Canada, Limited, Brampton, Ontario 
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or shape ¥ 
a missile | 


100,000,000 Ibs. # 
of pressure—so delicately 3 
controlled that it can. 
be made to crack the 
shell of an egg.-4 
Use the fabulous forces: 3 
of present day forging 4 


_T 


skills to crack the’ 
barriers of space —43 
weight, strength, 4 
high temperatures. 3 
Forge the future, :% 
today. 


“ ° 


ALUMINUM MAGNESIUM STEEL TITANIUM BERYLLIUM 
AND OTHER UNCOMMON MATERIALS 


WORCESTER, MASSACHUSETTS 


MOLYBDENUM COLUMBIUM 


HARVEY. ILLINOIS GRAFTON. MASSACHUSETTS FRANKLIN PARK, ILLINOIS 


DETROIT. MICHIGAN FORT WORTH. TEXAS LOS ANGELES. CALIFORNIA 
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--.and you'll see why 


Acheson's EMRALON® 
is providing new 








application stories. 


The recent introduction of ‘EMRA- 

LON’ surface coatings has literally 

“opened the door” for scores of man- 
ufacturers seeking the unparalleled 
properties of du Pont’s tetrafluoro- 
ethylene (TFE) but handicapped by 

the high fusing temperature. With 
‘EMRALON’ 310*, a one hour cure at 

300°F. is all that is necessary. For 

substrates even more sensitive to 

heat, there is air drying ‘EM- 

RALON’ 320+. In either 

case, these versatile new 

coatings provide excellent 

adhesion, low coefficient of 

friction, toughness and corro- 

sion resistance. What’s more, 

‘EMRALON’ can be applied by 
conventional paint spray equip- 

ment. 

Why not test ‘EMRALON’ 310 or ‘EMRA- 
LON’ 320 on your application. Send for an in- 
troductory package complete with data sheet. 
The cost is only $4.25 prepaid for enough 
material to coat 5,000 sq. in. of surface. ($4.50 
west of the Rockies) Write today! 


ACHESON COLLOIDS COMPANY 

Dept. MD-79, Port Huron, Michigan 

Gentiemen: Your new ‘EMRALON' surface coatings suggest themselves as 
possibilities for a current design problem. Send an introductory package 
‘© me promptly. 

EMRALON’ 310 (bake type) [] Check enclosed 

EMRALON' 320 (air-dry) (] Please have your service engineer call 
Bill me on Order No. (] Send descriptive literature 


O° 

O° 

a) 
AME: TITLE: 

COMPANY: 

ADDRESS: 


CITY: 
APPLICATION: 




















*EMRALON’ 310 ts manufactured under exclusive license from E.I. du Pont de Nemours & Co. (Ine 
under U. S, Patent 2,825,706. Not licensed for use or for sale for use ia providing electrical alde.? 


t‘EMRALON’ 320 — Patent applied for 


ACHESON (Colbids Company 
PORT HURON, MICHIGAN 
A division of Acheson Industries, Inc. 


Also Acheson industries (Europe) Ltd. and affiliates, London, England 
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CASE HISTORIES FROM 
MT. VERNON FILES 


Stanley packs more power into its new line of low- 
cost, heavy-duty saws . . . and saves important weight 
doing it! They have been designed for greater utility, 
with such features as: Ball bearing guard — fingertip 
depth-or-bevel setting, uncluttered front — window 
brush-holder for simpler servicing, extra handling 
comfort, positive control, etc. Yet, with all these im- 
provements, Stanley is still able to sell these better 
saws for less! 

A big reason for this lower cost is Mt. Vernon’s 
coordinated four-fold die casting service: designing, 
die-making, casting and machining. Mt. Vernon 
worked closely with Stanley* to create light, thin- 
walled aluminum castings with strength to spare. All 
parts are produced with excellent surface finish to 
facilitate barrel burnishing. Many fit together without 
machining thereby contributing to lower manufactur- 
ing and assembly costs. 

Stanley is typical of the leading manufacturers in 
the power tool industry who know and rely on Mt. 
Vernon’s experience and facilities for die cast zinc 
and aluminum parts. As the largest independent die 


casting company — with over 200,000 square feet 
under one roof — our services and equipment are 
ready to help solve your design and production prob- 
lems. We'll be glad to discuss the advantages of die 
castings with you at any time. Just call your nearest 
Mt. Vernon sales representative. 

*Stanley Electric Tools. New Britain, Conn, 


+ thins 


2 V1 aa ue we 


MT. VERNON 


DIE CASTING CORP. 





STAMFORD. C ¢ 
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ASSIGNMENT: 
ABRASIVE IMPACT 


How Lukens Application Research helps you 
find the right steel plate for the job 


If your assignment is designing equipment 
to withstand abrasive impact, our Applica- 
tion Engineering staff can serve you. Their 
specialty is helping you track down the pre- 
cise steel plate for any job. They research a 
problem from the design stage right through 
to how the equipment has performed for 
years after its installation. This practical 
observation and experience—combined with 
metallurgical know-how —is yours for the 
asking. It’s been saving our customers 
money for years. 

For example: working recently with a 
conveyor engineer, our people showed why 
321 min. BHN quality Lukens “T-1” would 
perform equally as well as a previously 


used metal costing twice as much. On the 
other hand, the same group has suggested 
the regular quality of Lukens “T-1” for a 
uranium mine skip hoist, where a slightly 
softer steel will actually hold up longer. In 
still another conveyor application—in a coal 
preparation plant — our engineers demon- 
strated how stainless steel, Type 304, would 
produce long-term savings. The high initial 
cost of stainless was reduced by using it in 
Lukens clad plate form. 

If your assignment is abrasive impact, 
why not let it be our assignment, too? Con- 
tact Manager, Application Engineering, E79 
Services Building, Lukens Steel Company, 
Coatesville, Pa. Also.... 


ASK FOR LUKENS “T-1” STEEL BULLETIN 
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Helping Industry 
Choose Steels 
That Fit The Job 





Same HP 
capacity 

in far smaller 
drive “package” 








New high capacity Gates V-Belt 
cuts drive space, weight and cost 


Reduce size, cut costs! Gates new Super HC V-Belt able from your nearby Gates Distributor listed in the 
puts power transmission in a smaller package—cuts costs Yellow Pages under Belts or Belting. 
all along the line! 


Actually, this major advance in power transmission— 
a development of specialized research in the world’s 
largest V-belt laboratories at Gates—makes possible the The Super V-Belt 
most compact, lightest-weight, lowest-cost multiple V-belt 
drive you can put on any machine. Sheave diameters can 
be reduced up to 50%, sheave widths 30% to 50%, center transmits seme MP In 
distances 20% and more. much less space than 


Reduce drive cost as much as 20% belts now in use 


On new drives, the cost of a Gates Super HC V-Belt Shown below are space savings of a typical installation: 
Drive is as much as 20% under the cost of present V-belt 
drives of the same hp capacity. Furthermore, smaller Drive R | Drive N 
housings and bases—less materials, production time, > oer) Soe ee 
shipping costs all reduce costs still further. . 














Learn more about Present Drive 7.4" | 20.0” | 42.9” 4 


the cost-saving Super HC Drive Super HC Drive 5.3” | 14.0 | 30.0" | 3 
“The Modern Way to Design Multiple V-Belt Drives” 
is an informative handbook on the Super HC Drive, avail- TPA 423 


























The Gates Rubber Company « Denver, Colorado 
Gates Rubber of Canada Ltd., Brantford, Ontario 


World's Largest Maker of V-Belts 


Gates Super HC V-Belt Drives 
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-»» AND MAKES A 
STRONGER GRILLE 
WHEN DIE CAST with 











Each half of this substantial 1959 RAMBLER grille is made of a 
single light-weight zinc die casting—for strength and rigidity—with 
long-lasting chromium plating. 

Complete with integrally cast lamp housings and mounting studs 
for rapid assembly, the grille on this popular American Motors 
automobile is designed for appearance, durability and economy. 

As in many other applications, rugged but extremely thin wall 
sections—possible only with ZINC die castings—minimize weight 
and are stronger in proportion to thickness than heavier sections. 

Parts designed for ZAMAK alloy die casting will meet competition 
of either stampings or aluminum castings—and at lower cost. 





New. York 29 
Se NS ‘ 
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The Delicate Balance 


NGINEERS and their employ- 
EK ers—as well as engineering 

unions—have a vital interest 
in the current attitudes of engineers 
toward unions. 

Today, in spite of union gains, 
engineers are mostly “agin.” The in- 
herent dislike which many engi- 
neers have for collective, leveling 
action is a powerful factor. Too, 
most employers seem to treat their 
engineers as professionals rather 
than as a labor commodity. 

But the picture could change. A 
little carelessness on the part of 
management could tip the scale. 

Two recent, independent surveys 
reveal remarkable agreement in their 
findings on attitudes, and on the 
factors that might lead to wider 
unionization of engineers. 

One survey was conducted by 
MacuineE Desicn and reported in 
the December 25, 1958, issue. The 
other was undertaken by the Bu- 
reau of Industrial Relations of the 
University of Michigan and reported 
in a recent book Collective Bargain- 
ing as Viewed by Unorganized En- 
gineers and Scientists, by John W. 
Riegel. 

In the University of Michigan 
study there were 264 respondents. 


Of these, 50 per cent were strongly 
antiunion (for engineers) and 23 
per cent mildly so. Of the 11.5 per 
cent with mixed feelings, 6 per cent 
were slightly antiunion. Thus 73 
to 79 per cent were against in more 
or less degree. Only 5 per cent were 
strongly in favor of unions for en- 
gineers. 

Of the 313 nonunionized engi- 
neers among those responding to 
Macuine Desicn’s survey, 58 per 
cent were strongly antiunion and 
19 per cent were mildly so, for a 
total of 77 per cent against. Also, 
5 per cent were strongly in favor. 

Both surveys indicate that so long 
as engineers do not feel exploited 
or pushed around their natural at; 
titudes will hold them back from 
union action. Many of Professor 
Riegel’s respondents said, in effect, 
“I feel the company treats me right, 
so I’m not interested in collective 
bargaining. But if things were dif- 
ferent, I might favor such action.” 

Management has the power to in- 
fluence this attitude. 


Se detmudyilh 


EDITOR 





NGINEERING personnel, office managers, de- 

partment heads, and office employees are 

constantly confronted with the problem of 
making copies of letters, drawings, articles, and 
similar printed or drawn material. It is often 
possible to obtain the most economical copy method 
by combining certain features of two processes or 
pieces of equipment. Selecting the right combina- 
tion, however, depends on the type of “original” 
available or to be made for copying, the number 
of copies needed, amount of enlargement or re- 
duction required, end use of the copies, and cost 
per copy. Often the cost becomes secondary when 
other factors are considered. Table 1 shows the 
least expensive method of copying specific originals 
for a required number of copies using the equip- 
ment described. Requirements for more than 5000 
copies are generally handled by a commercial printer. 


Reproduction Processes 
Carbon Copies 


Fae ip 
Carbon paper 


Second sheet 
(carbon copy) 


Carbon paper 


Third sheet 
(carbon copy) 


Typewriter ee y) 


roller 


All office personnel are familiar with carbon 
copies. If a memo, letter, or drawing is originated 
in the office and approximately six copies are re- 
quired, carbon copies are the cheapest method of 
reproduction. The approximate number of six de- 
pends on the kind of typewriter used, the carbon 
paper, the copy paper or second sheet, the typist’s 
touch (on mechanical typewriters), and condition 
of the type face. 
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Original’ 


\piceull one how Bae ik 
or both sides with colored pencil, ball- 
point pen or typewriter. 


An opaque single sheet printed on one 
or both sides, or carbon copy 


Book or magazine page. 


Translucent or transparent sheet 
prepared on one side only. 


Tf original is to be prepared as: 


Typewritten work. 


Line drawings and sketches. 


Copies required 


Basic guide to 


Copy 


Perforated Flexible sealing sleeve 
cover 

Developed 
print ——— 


Original 


Copy Copy paper exposed 


paper ight 
a SD Light source 
TY j 


Pt 
Transparent or translucent Cass eyentor 
Original 


The dry diazo process is also called the ammonia 
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Reproduction Process 


: wah: eek, Rete 


Photographicysilver-transfer, 
or dye-tronsfer process. 


Make transparent copy 
photographically or 

by silver - transfer 
process. Make print 

in diazo machine, 


Photographic,silver-transfer, 
dye-tronsfer, or infrared 
process. 


Photographic or 
silver- transfer process, 


Diazo or blueprint 
process 


Diazo or blueprint 
process 


Moke stencil and print by offset process. 
Carbon copies Moke ob: 


master. Print by spirit process, Print by offset. 


print process, 


Make paper master by electrostatic 


Make original on transparent paper and print by 
process and print by offset process. 


diazo or blueprint process. 


For engineering departments and offices 


process. It consists of placing a translucent original 
on top of an azo-dyed paper, exposing the matched 
pair to ultraviolet light with the light passing 
through the original, and then developng the paper 
by passing it through ammonia vapor. The result- 
ing copy is a reproduction of the original, i.e. a 
positive from a positive or a negative from a negative, 
and is a dry print. 


R. G. MURPHY 
Manager of Engineering Services 
Wallace & Tiernan Inc. 
Belleville, N. J. 


The image may be obtained in blue, black, or 
brown on various weights of paper (20-lb bond is 
standard), card stock, translucent paper, foil, photo- 
paper, cloth, or plastic-coated paper. Equipment 
ranges in size from desk-top models to units which 
handle a 54-in. wide tracing. This process is 
extremely rapid and produces a copy in «bout 25 
sec. An 81/, x ll-in. sheet of standard-weight azo- 
dyed paper costs approximately 0.6 cent. 
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For all practical purposes, the dry diazo process is 
limited to the reproduction of translucent originals 
printed on only one side. Azo-dyed papers are not 
sensitive to daylight. Standard reproduction paper 
has fairly wide limits of exposure time in the ma- 
chine, and excellent copies can be made for factory 
and office use. Prints are generally made on 
sheets cut to the same size as the original, but 
can also be run on rolls. 





Most equipment presently manufactured will not 
leak ammonia when the exhaust is properly vented, 
and residual fumes in the prints are not objection- 
able. Machines do not require nightly cleaning. 


Equipment Manufacturer Tradename 


Ozalid Div. 
General Aniline & Film Corp. 
Johnson City, N. Y. 


Paragon-Revolute Corp. 
Rochester, N. Y. 


The C.F, Pease Co. 
Chicago, Ill. 


Bambino, Ozomatic, 
Streamliner, Printmaster 


Meteor, Comet, Star 


General, Century, 
Challenger, Scout 


Technifax Corp. HiQ Diazo Processer 


Holyoke, Mass. 
Peck & Harvey Mfg. Corp. 
Chicago, Ill. 


Arrow, Lancer, 


Speedmaster 


Moist-Diazo Process 


Developer rolls moistened 
—with developer 


Developed print 


ees si 


— (exposed ) 


Light 
[\ source 
Glass 
cylinder 


Transparent or ? 
translucent original 


Copy paper 

In this process, the sensitized paper is exposed 
in the same manner as in the dry diazo process. 
However, it is developed by passing the exposed print 
between two rollers moistened with developer. The 
print is discharged dry from the machine. Thus, a 
copy is produced in approximately 25 sec at a 
cost of 0.8 cent for paper in the 8!/, x 11-in. size. 
For all practical purposes, original copy for this 
process is limited ‘to translucent sheets printed on 
one side. Equipment for the moist diazo process 
ranges in size from desk-top models to units which 
handle 54-in. wide tracings. 

Developer is prepared daily by mixing dry powder 
and water for storage in a reservoir. After each 
day’s run, the reservoir, developing trough, and 
rollers must be flushed and rinsed with water. 

Several types of paper are available for making 
prints. Standard reproduction papers are not 
sensitive to normal light, and may be stored in the 
open near the machine operator. As in the dry 
process, prints are generally made on sheets cut 
to the size of the original, but it is also possible 
to run roll stock in the equipment. 


Equipment Manufacturer Tradename 
Charles Bruning Co. Inc. 
Mount Prospect, Ill. 

Peck & Harvey Mfg. Corp. 
Chicago, II. 


Copyflex 
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Original out 
Guide rollers 


or translucent 


original ; 
9 prints 


Water wash 
Developer trough both 


In the blueprint process, a transparent or trans- 
lucent original is placed on a sheet of paper sensi- 
tized with iron salts, and the assembly is exposed 
to light from a quartz lamp. After exposure, the 
original is ejected from the machine and the ex- 
posed copy is carried through a water bath, a 
developing bath of potassium dichromate, a second 
water bath, and then over drying drums. A positive 
original produces a print with white lines on a blue 
background, and a negative original produces a 
blue-line print. 

The Van Dyke, or brown-line process, uses the 
same equipment, but the print paper is silver 
sensitized and developed in sodium thiosulfate. A 
positive original produces a white-line, brown-back- 
ground print, and a negative original produces a 
brown-line print. 

Blueprint of an 8!/ x l1l-in. original costs ap- 
proximately 1/ cent for paper, and the process is 
limited to making copies of transparent or trans- 
lucent originals. 

Because of the various washings and drying 
required, blueprints made in production machines 
are run only on roll stock threaded over rollers 
and through the baths. The length of paper 
threaded through the machine represents a delay in 
the production of a finished print. As the paper 
is discharged from the machine, the prints must 
be cut and trimmed. Total time for making a 
print is about 5 min. 

Installation of the equipment requires water and 
sewer lines and a power supply. At the end of each 
day the developing tank should be drained and 
flushed. 

Blueprints are stable to light, and the process is 
very satisfactory for quantity production of large 
drawings. 


Equipment Manufacturer Tradename 


Paragon-Revolute Corp. 
Rochester, N. Y. 


The C. F. Pease Co. 
Chicago, III. 


Imperial 
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Negative ' Light 
(emulsion side down) / +S c — 
pe Mer elinlitas 

Ortiz Sennen 


(copy side face up) Guide belt 
(a) Exposure 


Negative 
(emulsion side up) 


(6) Developing 
Positive 
copy 4 


(c) Separation 


Negative 


Also called “photocopy,” the silver-transfer process 
is a contact photographic process using a single 
solution to develop the copy. It consists of making 
a negative and, while the negative is still wet, 
making a positive copy from it. The original to be 
copied is placed face down on a piece of matrix or 
negative paper. The matrix is sensitive to strong 
light but can be handled briefly under ordinary 
office conditions. The assembly is then exposed 
to a strong light in the apparatus. After exposure, 
the negative paper is placed in contact, emulsion 
to emulsion, with a second sheet which is photo- 
graphically sensitized. 

The two sheets are then inserted into the de- 
veloping unit. They advance through a develop- 
ing solution between two rollers which remove «he 
solution, press the sheets together, and discharge 
the assembly from the machine. After 10 sec, 
negative and copy are pulled apart. The matrix 
sheet is a reverse-reading negative generally dis- 
carded, and the positive is a copy of the original. 

A single copy can be reproduced in 15 to 25 sec 
depending on equipment used. An 8!/ x 11-in. copy 
on standard reproduction paper costs approximately 
TY, cents for negative and positive papers. The 
normal procedure allows only one print to be 
made from each negative. However, a multicopy 
negative is available which will reproduce three 
or four copies before it must be discarded. 

Equipment for this process is made by a number 
of manufacturers. Variations in the equipment 
are in the means of exposing, the amount of de- 
veloper used, the means of filling the developer 
tank, the method of applying the developer to the 
negative, and the size sheet which can be repro- 
duced. Equipment which will receive 19!/-in. wide 
sheets is believed to be the largest available. 

The same developer can be used for one to three 
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weeks depending on the amount in the unit and 
the number of copies made. 

Any type of original may be reproduced by this 
process including transparent sheets printed on one 
side or opaque sheets printed on one or both sides. 
Equipment from some manufacturers is avaiiable 
for reproducing pages of magazines or books and 
for making offset duplication masters. 

Copy paper is available in standard weight, white 
or color, as. transparent positive, translucent positive, 
and in lightweight (air mail), and card stock. 

The equipment and process are quite versatile 
and make an exact copy of anything typed, written, 
printed, or drawn. They also produce translucent 
copies which can then be used to reproduce other 
copies by the diazo or blueprint process. 


Equipment Manufacturers Tradename 


American Photocopy Equipment Co. Apeco 
Evanston, IIl. 


Copease Corp. Copease 


New York, N. Y. 


Peerless Photo Products Inc. 
Shoreham, N. Y. 


Cormac Photocopy Corp. 
New York, N. Y. 


A. B. Dick Co. 
Chicago, Ill. 


Peck & Harvey Mfg. Corp. 
Chicago, Ill. 


Dri-Stat 


Corvette, Coronet 


Photocopier 


Intrared light (heat) source 


Copy paper 


Original 


In the infrared process, a sheet of paper sensitive 
to heat is placed on top of the original to be re- 
produced, and the assembly is fed into the apparatus. 
Under the infrared light in the machine, the carbon 
or metallic particles of the printing on the original 
are heated and transfer the heat to the sensitized 
paper to produce a copy in about 6 sec. An 8! x 
1l-in. sheet of sensitized paper costs about 4!/, cents. 

No chemicals or developers are required for 
this process which makes the apparatus more gen- 
erally acceptable for office reproduction. Copies 
are produced dry and may be made from trans- 
parent sheets printed on one side or opaque sheets 
printed on one or both sides. The printed word 
or drawing must contain carbon or metallic particles 
which can be heated by the infrared light. In some 
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cases, letters, memos, or printed forms contain ma- 
terial which will not reproduce. 

Equipment is available from only one manu- 
facturer in several different models. Copy paper is 
available in several weights and colors, and is not 
sensitive to normal office lighting. 


Tradename 
Thermofax 


Equipment Manufacturer 
Minnesota Mining & Mfg. Co. 
St. Paul, Minn. 


Dye-Transfer Process 


Opaque original 
(side to be copied 
is face down) 


Motrix 
(emulsion face up) 


NAT _ AK 
; pf ne 


Light box with light-diffusing 
glass top 
(a) Exposure 














Copy paper storage \Squeege rollers 
ap ee 











Matrix (inserted into 
activator) 


(b) Activation 


L 
1 
activator 





‘eee 


- = 


Copy paper 
ean an 
- 3 











(c) Printing 


(d) Separation 


In the dye-transfer process, the original docu- 
ment is laid face down on a sheet called a matrix. 
The assembly is placed in an exposing unit and 
exposed to light. The original may be a trans- 
lucent sheet printed on one side or an opaque 
sheet printed on one or both sides. After exposure, 
the matrix is separated from the original and is 
inserted in an activator solution for 20 sec. 

After activation, the matrix is withdrawn from the 
solution as two rollers force it into contact with a 
sheet of copy paper. Contact permits the dye in the 
matrix to transfer to the paper thus producing a 
copy of the original. 

One advantage of this process is that up to five 
copies can be made in succession from one matrix 
by reactivating the matrix and repeating the de- 
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veloping operation. Copies produced are relatively 
dry. For a single 814 x ll-in. copy, paper and 
matrix cost about 9 cents. If successive copies 
are made from the same matrix, cost per copy 
is reduced. Reproduction of a single copy takes 
about 60 sec. 

Equipment for this process is available in several 
office models. Copy papers are available in stand- 
ard weight, card stock, and translucent sheets. 
Activating solution, once prepared, can be left in 
the apparatus for periods up to a week depending 
on the number of matrices activated. Tempera- 
ture of the solution affects the activating time of 
the matrix, and it is well to hold the temperature 
of the solution relatively constant. 

An additional attachment to the apparatus permits 
preparation of master copies for offset duplicating 
work which is described later. 


Tradename 
Verifax 


Equipment Manufacturer 


Eastman Kodak Co. 
Rochester, N. Y. 


Photographic Process 


(2) Exposin 
‘ 9 Poper roll 


Cutter knife 


Roller to withdraw 
poper Light source 


(6) Developing, fixing, washing, drying 


‘Developer 
Finished print 





Woter wash 
Heater 


Photographic reproductions can be made by 
means of a camera and prism arrangement or by 
contact printing. _ With the camera or projection- 
type process, the original is placed on a table and 
illuminated. A prism arrangement above the table 
picks up the light beams reflecting the image of 
the original and bends them toward the lens of the 
camera. Suitable means are provided for rolling 
copy from the camera into a developer and then 
a fixative. 

The copy is a direct-reading copy but is color 
reversed from the original. To obtain an exact 
duplicate of the original, a copy must be made of 
the first exposure which again reverses the color. 
Apparatus for this process is available from several 
manufacturers and can be purchased for hand or 
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automatic operation. A semiskilled operator is re- 
quired. 

Probably the major advantage of this equipment 
is its ability to enlarge or reduce the original copy. 
In one step, an original can be enlarged to double 
size or reduced to half size. Additional enlarge- 
ment or reduction is possible by making subse- 
quent copies. 

Full processing from original to finished print 
requires about 45 min. An 8!/, x 11-in. copy on stand- 
ard type paper costs about 7!/, cents for paper only. 
Any type of original material can be copied and 
reproduced on a variety of types of sensitized paper. 
This equipment is not considered general office 
equipment but should be part of an over-all re- 
production department. In addition to capital 
investment, the process requires a print-washing 
area with water and sewer connections. 

The contact photographic process is somewhat 
similar to the projection process. The type of 
copy produced and the chemical processing involved 
are the same for both. However, the exposure 
method is different. In the contact method, the 
process must be carried out in a darkroom. 
Sensitized paper is placed in contact with the orig- 
inal, and the assembly is exposed to light. After 
exposure, the print is developed, fixed, washed, 
and dried as in the projection process. This first 





Charging 
wires 

















(a) Charging plate 


Copy 


Original Exposed plate 


Lens 
ion 
- 
bo ee 
Rae: ~ 
oe te, 
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(b) Exposing plate 


_ 


The electrosiatic reproduction process is a dry 
copying process which uses an electrostatic force 
to deposit dry powder on a copy paper. A selenium- 
coated plate is given a positive electrical charge 
by passing it under a series of corona-discharge 
wires. The positive charge on the plate leaks off 
when the plate is exposed to light. The original 
to be reproduced is projected to the charged plate 
through a camera lens or by contact printing. 
Where light strikes the plate, the electrical charge 
is dissipated, but where the opaque material is on 
the original, the light is stopped and the positive 
electrical charge is retained on the plate. 
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copy is a reverse-reading and reverse-color nega- 
tive and is generally not used as a print. 

To obtain a usable print, a second copy must 
be made using the first as the original. In some 
cases, the first or negative copy is made on thin 
translucent paper. Even though this negative is a 
reverse of the original, it may be used to make 
prints in a diazo or blueprint machine. This is 
done by feeding the negative upside down into the 
apparatus and printing through the back of the copy. 

Equipment for the contact process is not as 
versatile as the projection type but finds consider- 
able use in engineering departments for cutting 
down drafting time. A negative is made, undesired 
portions are blocked out with india ink, and a 
positive copy is printed. The positive is then com- 
pleted by filling in desired changes. 

A copy by the contact process takes about 45 
min. An 8!/ x I1-in. copy costs about 7!/ cents. 


Tradename 
Photostat 


Equipment Manufacturer 
Photostat Corp. 
Rochester, N. Y. 


Haloid Xerox Inc. 
Rochester, N. Y. 


Rectigraph 


(e) Stripping copy from plate 


(c) Dusting plate with ink 


Charging wires 





Heoter 


(f) Fusing ink on copy 


(d) Transferring ink to copy 


After exposure, the plate is protected from light 
and inserted in a box frame where negatively 
charged particles of granular ink are allowed to 
flow over it. These particles are attracted to and 
held by the portion of the plate holding the 
positive charge of the original image. After the 
inking treatment, the plate is no longer light- 
sensitive and can be exposed without loss of image. 

A sheet of paper is then placed over the image 
on the plate, and the assembly is again passed 
under the corona-discharge wires. This imparts a 
positive charge to the paper which attracts the 
negatively charged particles of ink from the plate 
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to the paper. The paper is peeled from the plate 
and exposed to heat for a few seconds which fuses 
the ink to form a permanent copy in the paper. 
The selenium-coated plate is cleaned by wiping with 
soft cotton and can then be reused. 

The electrostatic-transfer process makes it pos- 
sible to produce single copies on plain paper, off- 
set paper masters, transperencies for offset metal 
plates and diazo r:achines, transparent overlays, 
and transparencies for visual aid projection slides. 
The equipment is made by one manufacturer. 
Originally, it was made for production of single 
copies, but a continuous production unit has recently 
been released. The equipment is not generally 
considered as office equipment, but in a reproduc- 
tion department it represents an extremely versatile, 
time saving, and inexpensive way to make offset 
masters. 

After initial purchase of the equipment, cost de- 
pends on the type of copy made and on the skill 
of the operator. A certain amount of skill is 
required, but the process has the advantage of not 
requiring solutions and always being ready for use. 
It is extremely versatile since it can copy anything 
and produces copy in about 3 min. Used in con- 
junction with a camera, this process can enlarge 
or reduce copy. 


Equipment Manufacturer Tradename 
Haloid Xerox Inc. 


Rochester, N. Y. 


(a) Moking the master 
Type, write, or draw on 
this face 


Xerox 


Spirit master 

Reverse image 
appeors here ; 
from spirit 
carbon 


— 


Spirit carbon paper 


(0) Moking copies 
Master 
Solution applicator 
Paper feed roll 
@% 
© 


Revolving drum 


Finished copy 


——_4__ 





Paper stock to be printed 


A spirit duplicator is an office machine that can 
produce up to 300 copies of typed, written, or drawn 
material. A special aniline-dye carbon paper is 
placed face up beneath a sheet of coated paper. 
As the message is typed or drawn on the front 
of the coated paper with a hard pencil, typewriter, 
or ball-point pen, a reversed copy is produced on the 
back of the coated sheet from the carbon paper. 
This coated sheet becomes a master copy and is 
placed on a drum in the duplicating machine. 

Paper to be printed is slightly moistened with a 
special solution on entering the machine. Contact 
with the master causes the solution to dissolve some 
of the aniline dye which is transferred to the paper, 
making a readable copy. Since a little dye is re- 
moved each time a copy is printed, the master has 
a limited life. 
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One generai objection to this process is the 
staining of personnel with the aniline dye when 
masters are carelessly handled. This is being over- 
come by several manufacturers who are treating 
the masters with a wax which can be dissolved 
only by a modified solution. 

Clarity of the copies decreases as the master be- 
comes exhausted. However, for a short run of order 
forms, for example, or a longer run of material 
such as bulletin-board memos, this process is quick 
and inexpensive. 


Tradename 
Ditto 


Equipment Manufacturer 
Ditto Inc. 
Chicago, Ill. 


A. B. Dick Co. 
Chicago, Ill. 


Azograph 


Write, drow, or type 
on this surface 
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Stencil— ie 


Soft backing 
hie SH 
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Stencil duplicating is also called mimeograph. 
“Mimeograph” was originally a trademark of the 
first manufacturer, but has become accepted as part 
of the language. The term is used freely to de- 
scribe the process even though the equipment is 
made by a number of manufacturers. 

Stencil sheets are made of porous tissue covered 
with a coating that is impervious to ink. Typing 
or drawing on these sheets with a sharp instrument 
pushes the coating aside and exposes the porous 
tissue. The stencil is wrapped around an inky 
cylinder, and the cylinder is rolled across a piece 
of paper. Ink is forced through the porous parts 
of the stencil onto the paper, thus duplicating the 
message originally typed or drawn. 

Stencils may also be prepared mechanically by 
an electronic scanning device. The original copy 
is mounted on one drum of the machine and a 
stencil on a second drum. When the machine is 
started, a device scans the original, picks up the 
location of the image, and reproduces it in small 
dots on the stencil. The process takes about 6 min. 

Mimeograph is an inexpensive means of dupli- 
cating and is generally used for bulletins, forms, 
memos, and letters. Operation of the equipment 
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is simple, and it is possible to train personnel quickly. 
The versatility of the process depends on the care 
and ingenuity in preparing the stencil. A stencil 
costs approximately 15 cents and paper for a copy 
about 0.2 cent. The machines produce about 150 
copies per minute, and several thousand copies can 
be run from one stencil. 

The stencil, once prepared, is somewhat delicate, 
and must be handled with care. Copies are usually 
made on paper with a soft surface which will 
readily absorb the ink and dry quickly. Because 
of the soft surface, there is a slight tendency for 
the letters to bleed into the paper. This leaves a 
fuzzier letter than is obtained in the offset process. 

Mimeograph machines are available from several 
manufacturers in sizes from desk-top to floor- 
mounted models. 


Equipment Manufacturer 
Ditto Inc. 
Chicago, Ill. 
A. B. Dick Co. 
Chicago, Ill. 


Gestetner Duplicator Corp. 
Yonkers, N. Y. 


Water applicator—— 
Rubber- blanket roll 


Paper stock to / 
be printed —/ 
agli 


Finished copy 
4 
J—\mpression roller 


An offset duplicator will do anything a mime- 
ograph machine will do, and more. However, it 
involves a larger capital expense, is more demand 
ing on the operator, and is at its best when used 
continuously rather than intermittently. 

For the offset process, a master copy on paper 
or metal must be prepared. Choice of a paper or 
metal master generally depends on the number of 
copies required. Paper is used for approximately 
400 copies or less and metal for more than 400 
copies. However, photographic-film negatives can 
be used to make metal plates or photo-sensitive 
plastic-coated paper plates and, here, the number 
of copies required is not the determining factor. 

Paper masters can be typed or drawn or may be 
prepared by the electrostatic-transfer process. Typ- 
ing a paper master requires a special greasy-ink 
ribbon to properly duplicate in the offset press. 
A paper master costs about 6 cents and a metal 
master about 50 cents. 

The offset process is based on the principle that 
oil and water do not mix. The image placed on 
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the master is receptive to the greasy ink used in 
the press.. The master is mounted on a circular 
drum and clamped in place. When the machine 
is started, the drum revolves, and a smaller roller 
moistened with water is brought into contact with 
the master to wet the surface. The water, however, 
will not cover the greasy ink image. 

After the master is moistened, an inked roll is 
brought into contact with the revolving drum. Ink 
is deposited in a film on the image but is repelled 
by the water-covered surface. Ink from the image 
is then transferred to a rubber blanket which 
contacts the copy paper and makes the print. The 
image is direct-reading and positive on the master, 
reverse-reading on the rubber blanket, and direct- 
reading on the copy paper. 

Offset copies may be made on a variety of types 
of paper, from 13-lb bond to card-weight stock. 
A single copy on 20-lb bond costs about 0.2 cent 
for the paper. Equipment for this process is made 
by several manufacturers. Presses are available for 
reproduction of 8!/ x 11-in. copies up to 36 x 48 in. 
Larger presses are used by commercial printers. 
An offset press requires a skilled operator or a 
person who has been carefully trained. 


Equipment Manufacturer 
Addressograph-Multigraph Corp. 
Cleveland, Ohio 
A. B. Dick Co. 

Chicago, II. 
Davidson Corp. 
Brooklyn, N. Y. 


Planetary Gearing 


In “Planetary Gear Drives” June 11 issue, the 
sentence following Equation 16 on Page 147 should 
be: In this equation, o, will have a negative value 
when wy is positive. 


They Say... 


“The future engineering graduate will need the 
basic scientific ability to create knowledge and the 
basic engineering ability to envision its application. 
I think we'll have to get used to the term engineer- 
ing scientist, with the emphasis on scientist. I think 
we also have to recognize the increasing distinction 
between the engineering scientist and the engineer- 
ing technician. Of course we will need both, but to 
the technician will fall the job of operation; to the 
scientist, the job of innovation.”—Dr. ANprEew A. 
Kucuer, vice president in charge of engineering and 
research, Ford Motor Co. 
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scanning the field for ideas 


Pulsating power tubes drive motor rotor at infinitely variable speeds. 
Air, or any other fluid, is introduced under pressure into a distributor valve 
which rotates at same speed as output shaft. Two diametrically opposed ports 
in the distributor admit the pressurized fluid into a series of flexible polyvinal 
tubes which surround the rotor. As the tubes are inflated, a turning moment 
is applied to the rotor. Since two tubes are always ener- 

gized, the motor starts instantly with a high initial torque. 

A rotating valve exhausts the fluid from the tubes in the 

proper sequence. An adjustable sleeve between the distrib- 

utor and the inlet times the unit for maximum efficiency. 

Speed control is obtained by adjusting the air supply pres- 

sure and the distributor-valve plate position. Design de- 

veloped by Humphrey Products Div., General Gas Light 

Co., Kalamazoo, Mich. 
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Toggle-linkage control of spring- 
loaded butterfly valve reduces torque re- 
quired to keep valve open but provides 
snap-action closure. In a valve developed 
by Dorsey Drip Regulator Corp., a tri- 
angular clip controls the spring action. 
As flow through the valve increases, the 
butterfly opens against the spring ini- 
tially. When the butterfly passes the 
half-open position, the spring end slides 
down the clip to the axis of butterfly 
rotation, reducing the spring force and, 
hence, the torque required to fully open 
the valve. When the butterfly passes 
through the half-open position during 
closure, spring action snaps the valve 
back to the normally closed position. 
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Translating friction ring amplifies 
force for sensitive positioning control. In a 
design developed by American Meter Co., a 
ring is engaged on its ID by a driving roller 
and on its OD by a pressure roller. Motion 
is transmitted between members by frictional 
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engagement. As input motion is supplied to 
a pivoted control yoke, the ring is tilted and 
moves laterally along the rollers. Action is sim- 
ilar to that of a lead screw. The lateral mo- 
tion is imparted to a follower wheel and car- 
riage which transmits the 


output force. 











Fig. 1—Inside view reveals, a, planned cabling and, 5, 
unplanned. (Photos, courtesy Vitro Laboratories.) 
(b) 
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Cable Design for Wired Equipment 


FRANK WILLIAM WOOD Jr. 


Engineer, Systems Development Dept. 


Vitro Laboratories 
Silver Spring, Md. 


Routing and grouping of wires are an essential part of the pro- 


duction design of equipment. Besides neatness of appearance, ad- 


vantages in assembly and maintenance can be gained by a little 


additional effort in the design stage. 


REFORMED cables and grouped leads can be 

designed with a minimum number of bends 

and branches. The simplified and efficient 
appearance that usually results is evident in the 
wiring comparison in Fig. 1. Performance and 
quality of the two units may be equally good, but 
service time would be a strike against the unplanned 
chassis. 

Many advantages offset the additional design 
time required for planning preformed cables. They 
permit flexible, more efficient assembly methods. 
They minimize the chances of making wiring errors. 


4 


Fig. 2—Small parts can be connected in place during 
assembly of preformed cables. 


Fig. 3—Separate lacing of integral component leads fa- 
cilitates replacement. 
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A complete cable can be fabricated, tested, and coded 
before installation. Once it is placed in position 
on the chassis, the leads can be connected without 
the usual jumble of stray wires causing inter- 
ference and confusion. 

In some instances, precabling can include such 
components as tube sockets and connectors. When 
this method is used, bottom-mounting components 
must be selected as iilustrated in Fig. 2. 


Cable Lacing: Tying individual wires together 
into a cable provides a neat, easily handled assembly. 
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Fig. 5—Lacing board, or harness jig, has 
built-in limit for length of stripped ends. for both 


Cables can be installed and supported more ef- 
ficiently than individual wires. Reliability is im- 
proved, and maintenance is easier. 

Some equipment generating high signal levels may 
require grouping of wires into two or more cables 
instead of a single cable. For example, one cable 
might carry signal leads and another power leads. 

Components which have permanently attached 
leads, as do some transformers and capacitors, 
and which have a relatively high failure rate should 
have a separately laced cable, Fig. 3. Replacing 
such components then would not require removal 
of the lacing from the major cable. 

To prevent excessive heating of individual wires 
in a cable, the current-carrying capacity given for 
a wire in free air must be reduced. Maximum safe 
current for wires in a cable is given in the table 
at the end of this article. 


Lacing Board: Almost a necessity for forming 
complex cables is a lacing or forming board, Fig. 
4 and 5. A full-size layout drawing is usually 
placed on the board to show the routing of in- 
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Fig. 4—Forming board 
uses spring coils to hold 
wire ends. (Photo, cour- 
tesy Vitro Laboratories.) 


Fig. 6—Plastic spiral wrapping is convenient 
installation and maintenance. 


(Photo, courtesy M. M. Newman Co.) 


dividual wires. Another scheme is to mark the 
board with numbers and symbols to indicate wire 
sizes, color coding, routing, terminations, and 
wiring sequence. 

To position wire runs, pegs or nails can be placed 
in a pattern that follows a pictorial wiring diagram. 
Conductor ends may be anchored to the board by 
wrapping them around pegs or nails, inserting 
them into holes in the board, or by forcing them 
between the coils of springs fastened to the board. 
Electrical checking devices or continuity testers can 
also be mounted on the forming board. 


Lacing Materials: Advantages and disadvantages 
of some of the different lacing materials and meth- 
ods are: 

Electrical Tape: Spiral wrapping of cables is 
generally unsatisfactory because the tape tends to 
unravel under flexure and temperature changes. 
It is also inconvenient when maintenance requires 
access to individual wires. 

Twine: Wax-impregnated twine has found gen- 
eral use, but nylon twine is now preferred. Twine 
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Cable Design Suggestions 


. Use preformed cables when possible. 


. Include minor parts in external assembly of 
preformed cables if convenient. 


. Derate capacities to prevent overheating. 


4, Color-code leads for easier installation and 
maintenance. 


. Support cables at adequate intervals and 
locations. 


* Rea shs Meats ss oe 
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does a satisfactory job, if properly applied, but the 
process is relatively slow. Also, maintenance is some- 
what inconvenient. 

Flexible Plastic Sleeving: For individual com- 
ponents that have attached leads, sleeving serves 
well. Main cables present servicing problems. One 
end of the cable must be free or loose so the sleeving 
can be removed for access to the individual wires. 
Disconnection of wires not ordinarily removed may 
be required. 

Zipper Sleeving: Although it meets the minimum 
number of times required for installation and re- 
moval, zipper sleeving requires a special tool for 
both operations. The zipper slide is removed after 
the sleeving is closed and must be used again to 
reopen the sleeving. 

Plastic Spiral: [Easily installed, plastic spiral 
wrapping is also convenient for maintenance. Fig. 
6 illustrates its adaptability. Any length of cable 
can be accommodated. Cable terminations need 
not be disturbed when the wrapping is installed 
or removed. 

A variety of other devices are also commercially 
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6. Protect cables from sharp corners and pro- 
jections. 
. Shield cables from hot components. 
. Route cables to avoid interference with com- 
ponent installation and maintenance. 


. Provide sufficient slack and a retraction de- 
vice for cables used with pull-out chassis 
and hinged doors. 
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Fig. 7—Typical clamping installations illustrate un- 
satisfactory clamp choices in a and 5. 


available. For example, individual “loops” that are 
adjustable and quickly applied exist in a variety of 
designs. 


Cable Clamps: Once the cable is laced, it must 
be supported or tied down at adequate intervals to 
prevent damage that might result if the cable flexes 
under shock and vibration. Cable abrasion against 
a screw head, a sharp chassis corner, or a protruding 
terminal could cause extensive equipment damage 
and possibly endanger human life. 

Long wires or cables should be securely anchored 
by clamps which distribute pressure over a wide 
area of the wire or cable surface. Clamps must 
not cut, pinch, or abrade the wires they support. 
The undersized clamp in Fig. 7a stresses both the 
conductor wire and the insulation. Correct clamp 
size centers the conductors and prevents pulling 
on terminals or connections. 

Cable support is often required at plugs and 
receptacles. Loose wires shown in Fig. 7b will chafe 
under vibration and may break at the terminals. 

Typical clamp installations are illustrated in 
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Fig. 8—<Commercia!!: available, these clamps 
feature adjestetic anc spring-loaded means 
for holding cebles securely. (Photo a, 
coustesy Dakota /igineering Co. Inc.; photo 
6, courtesy Elvct’:-wert Tac.) 


Fig. 9—Coating or potting of right- 
hand unit supports the cables and 
provides humidity protection. (Pho- 
to, courtesy Dow Corning Corp.) 








Fig. 10—Service loop in upper left 
cabinet corner has sufficient slack 
and is well supported. (Photo, 
courtesy Vitro Laboratories.) 


Coiled cable with 
internal coil spring 


Fig. 11—Cable protection for bead § < oe ae PS 
ss \ ie ow? 
# e : é 


swinging or sliding units 
can be provided by spring 
assemblies. 
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Fig. 7c and 7d. Harnesses are usually clamped 
at branches, bends, and intervals on long, straight 
runs. Two other types of clamps are shown in Fig. 8. 

Fig. 9 shows a silicone rubber coating applied to 
the one unit as a cable and wire support. Humidity 
protection is also provided. 


Service Loops: When cable connections are main- 
tained between stationary equipment and sliding 
chassis or hinged doors, service loops are required 
to permit movement. Cables should be clamped 
at the last point of contact on both the chassis or 
door and the cabinet, Fig. 10. 

The service ioop should have a return feature to 
prevent damage and interference when sliding or 
removable chassis are replaced in the cabinet. Fig. 11 
shows two methods for recoiling the cable. 

Over-all cable planning is typified in the complex 
unit in Fig. 12 where component placement and 
maintenance were considered throughout the design. 
Service loops are required for the hinged door and 
the swing-out panels in the bottom section. 


Current Capacity of Cables 


Continuous Duty Current (amp) 


Single Cable Cables in Conduit 
in Free Air or Bundles 


—Cable Size——— 


Aluminum Copper 


AN-22 

AN-20 11 

AN-18 16 
29 


32 
41 


55 
73 
101 


AN-0000 


235, 
266 
AL-0000 303 190 


Current ratings for cables in bundles are based upon 15 or more 
cables carrying no more than 20 per cent of the total carrying 
capacity of the bundle. In smaller bundles the allowable per- 
centage of total current may be increased as the bundle approaches 
the single-cable condition. 

—From military specification MIL-W-5088, par. 3.5.2.1.2. 
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Fig. 12—Because of proper cabling and rout- 
ing, function is clear and servicing is con- 
venient in this large unit. (Photo, courtesy 
Vitro Laboratories.) 


Military Specification References 


Cable Assemblies 
MIL-C-3885 


Clamps 
MIL STD 242; MIL-I-983, par. 3.8.10.3.3; MIL-E- 
5400, par. 3.1.35.1; MIL-E-16400, par. 3.3.13.1. 
Color Coding 
MIL-E-16400, par. 3.9.11. 
General Design and Installation 
BUORD OP2230, ch 7 
Grommets 
MIL-I-983, par. 3.8.10.3.7; MIL-E-5400, 
3.1.35.5; AN931. 
Installation 
MIL-W-8160. 
Lacing 
MIL-T-713; MIL-I-983, par. 3.8.10.3.3; MIL-E 
5400, par. 3.1.35.6; MIL-C-572 
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Maintenance 
MIL-E-16400, par. 3.9.8.1. 
Material 
MIL-I-983, par. 3.8.10.1; MIL-W-76; MIL-C-§ 
MIL-C-2194; MIL-W-16878. 
Reliability of Connector 
MIL-E-5400, par. 3.1.35.4. 
Service Loop 
MIL-I-983, par. 3.8.10.3.5 
Slack 
MIL-E-16400, par. 3.9.8.1. 
Sleeving 
MIL-I-7444; MIL-I-3190; MIL-E-5400, par. 3.1.34.1 
Terminals 
MIL-E-5400; par. 3.1.26.3; MIL-E-16400 par 
3.3.49.1; MIL-E-19100, par. 3.3.48.1; MIL-T-5042 
Workmanship 
MIL-I-983, par. 3.8.10.3.1 





THERMAL STRESSES IN DESIGN 


S. S. MANSON 


Chief, Material and Structures Research Div. 
Lewis Research Laboratory, NASA 


Cleveland, Ohio 


Part 11 — 


Stresses under Plastic Flow and Creep 


® Formulations 


* Solution by Deformation Theory 


RUE significance of thermal stresses in ductile 

I materials cannot be assessed unless the plastic 
range is considered. Failure within the elastic 
range can occur by excessive distortion, buckling, 
or fatigue if a sufficiently large number of cycles is 
encountered. Fatigue failure at normal stress levels 
within the elastic range probably involves highly 
localized plastic flow. In general, however, fracture 
by thermal-stress fatigue involves plastic flow on a 
macroscopic level. In this article, methods of com- 
puting stress distribution will be discussed for appli- 
cations where the yield point of the material is ex- 


ceeded. 


Formulations 


In the equations for a plastic-flow solution, basic 
conditions of equilibrium and compatibility® are 
used, since these conditions relate to the mechanics 
and continuity of the body and are not contingent 
on elasticity. The only set of equations that differs 
from the elastic formulation is the stress-strain re- 
lation. For the plastic region, strain is not propor- 


*References are tabulated at end of article. 
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tional to stress. Each strain component contains an 
elastic term, linearly related to the stress, and a 
plastic term, not linearly related. Because of the 
nonlinear differential equations that result, it is 
the nonlinear part of the component that complicates 
problem solution. 


Deformation and Incremental Theories: The first 
decision faced in formulating a plastic-flow problem 
is whether the deformation theory or incremental 
theory should be used. Deformation theory estab- 
lishes a relation between stresses and total strains. 
Hence, strains can be established directly if the 
stresses are known. One would think that the path 
by which a given stress distribution is reached 
presumably does not influence the strains. Elemen- 
tary considerations, however, show that such an as- 
sumption cannot generally be correct. But if judg- 
ment is used, the region of inapplicability can in 
many cases readily be avoided. In fact, recent 
studies! have indicated that the restrictions on the 
applicability of the deformation theory are not as 
severe as once thought. On the other hand, this 
method has one big advantage: Less computation 
is needed. 
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Nomenclature 
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Subscri 


Hou ue dl 
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I] 


= Strain in. per in. (For small strains, « = 


Modulus of elasticity, psi 


= Strain, in. per in. 


Height, in. 


= Radius, in. 
- Temperature, F 


Change in temperature, F 

Coefficient of expansion, in./in./deg F 

Strain in. per in. (Determined from stress-strain 
curve for a given @-) 

e. For 
large plastic strains, e = In(1 + e) 


- Poisson’s ratio 

= Density, Ib-sec?/ft* 

= Stress, psi 

= Angular velocity, rad per sec 


Equivalent 
Station number 


= Plastic 


Radial 


= Total 
= Third direction normal to r and @ 
= Tangential 
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Incremental theory relates only the increment of 
strain to the increment of stress in a given stress 
state. To obtain the strain at a given stress state, 
the complete loading path must be considered by 
adding the increments of strain at each point to 
obtain the final strain. This method requires more 
computation. However, this procedure must be used 
if a reasonably correct solution is required. The 
method is feasible if high-speed computing ma- 
chinery is available. 

In this discussion, both the deformation and in- 
cremental theories are considered. If high-speed com- 
puting machinery is available, final calculations can 
be made by incremental theory. Deformation cal- 
culations are useful in preliminary design when time 
is limited, or when computing machinery is not avail- 
able. Since the procedures for incremental theory 
are simple extensions of those for deformation theory, 
the latter is considered first here. 


Flow Rules: When the plastic-flow theory to be 
used has been determined, the designer must de- 
cide which flow rule to use. For uniaxial stress, 
there is no ambiguity, since the stress-strain curve 
directly gives the information on the stress required 
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to cause initial plastic flow as well as the stresses 
required to cause further flow after a specified 
amount of strain has already occurred. When biaxial 
or triaxial stresses are present, a criterion must be 
established to include conditions under which flow 
occurs and amount of flow in each direction. 

Numerous criteria have been proposed, and the 
theory is still in the state of development. Only two 
criteria, von Mises’ and Tresca’s, have received any 
considerable engineering use. 

The Tresca criterion states that flow occurs when 
the maximum shear stress reaches a_ specified 
critical value. Although mathematically this cri- 
terion can be expressed very simply, application 
sometimes introduces complications. The directions 
which have the largest and smallest principal stresses 
must be known in advance. This condition is not 
always easy to satisfy. Also, for some principal stress 
combinations, ambiguity arises in the amount of 
flow that occurs in each principal direction. 

Although more complicated in form, von Mises’ 
criterion avoids complications in application. The 
only disadvantage in this criterion is that a greater 
amount of computation is involved. In this dis- 
cussion, only von Mises’ criterion is used for two 
reasons: Computations are more readily made, and 
the computations are somewhat more descriptive 
of the true behavior of the material. 


Solution by Deformation Theory 


When a material is subjected to the stress state, 
Gr, Oo, O:, the strain components can be determined 


by application of the three basic relations: 
1. Plastic shear strains are proportional to the 
shear stresses: 


Er,p — ®o,p frp — &2,p _ £e,p — &x,p 


= Kz (72) 





oO, — Oy Oo, — %& Oo ~~ Gz 


2. Volume change due to the plastic flow is zero: 
er,p + &,p + &z,p = 0 (73) 
3. A universal relation exists between the effec- 
tive stress a, and the effective plastic strain ¢¢,p: 
o,)2 + (0, — o2)2 + (a — o2)7]% 
(2)% 


= e- 


(74) 





Ce 


v2 : 
fe,p — =. { [(er,p — &0,p)? + 


ls 
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(€r,p — €2,p)? + (€0,p — e=.0)?) (75) 


Terms o, and e¢,) are so defined that they become 
stress and strain in the direction of the applied load 
for uniaxial stress. Since the relation between o, and 
ee,» is universal, the stress-strain curve determined 
in uniaxial tension constitutes this relation. 

From Equations 72 through 75, individual plastic 
strains can readily be determined. For example, 


Pe, D l 
Er,p * a [ 0, oe (9% + G2) ] (76) 


e 


For plane stress, o, = 0. Hence, 


Ee, ] 
&r,9 = > («, si Win ) (77) 


Ge 


Corresponding expressions can be obtained for eo,» 
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and e,,». The total radial strain becomes 


§, = Zee +er+ (6 -—« ) 
E oe 2 
A corresponding expression can be written for eo. 
These equations constitute the basic flow rules 
associated with von Mises’ theory. The equations 
can be solved for stress in terms of the total and 
plastic strains. For example, 


(78) 


bee — (rp + Beep) — (1 + BAT) 


Gy Oe eer [er 


eee 


A similar expression can be developed for os. In 
some applications, it is desirable to compute total 
and plastic strains separately. Hence Equation 79, 
which represents the stress in terms of both types 
of strains, becomes especially useful. 


Total Strain Relationships: Equation 78 is con- 
venient for determining the components of strains 
when components of stress are known. It is only 
necessary to determine o, from the stress component, 
establish ¢-,p from the stress-strain curve for the 
known value of o,, and calculate «, and e. from 
Equation 78. However, if the components of total 
strain e,, eo, and e, are known, stress and plastic- 
strain components cannot be determined as readily. 

The strains must first be separated into a thermal 
expansion, an elastic component, and a plastic com- 
ponent. Trial and error can be used, but the con- 
cept of equivalent total strain, e,:'* can be used 
instead. By analogy to Equation 75, 


{2[ (er — €0)? + (er — #2)? + (&o — €2)]}% 


Q 
3 


(80) 
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Fig. 70—Comparison of computed and ex- 
perimental diametral elongation in disc sub- 
jected to a temperature gradient. 
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where ¢,, eo, and e, are total elastic, thermal, and 
plastic strains, which are presumably specified. Once 
the equivalent total strain has been computed, the 
equivalent plastic strain-can be determined from 


2(1 + Bee 
3E 


Ect = &e,p + (81) 
where v, = equivalent stress corresponding to total- 
strain state e,, eo, e,, or to plastic strain ee». The 
relation between e,,, and o, is contained in the uni- 
axial stress-strain curve. Hence, for any selected 
value of e,., the value of o, can be determined. 
Thus, Equation 81 represents a direct relationship 
between e, and e,,, and the values can be deter- 
mined graphically, Fig. 68b, from the stress-strain 
curve, Fig. 68a. 

Once e-¢ and e,, have been determined, the com- 
ponents of plastic strain can be determined from 


X £¢,p(2e, . — ez) 
erp as (82) 


3 Ee,t 





Components ¢¢,, and ¢;,, can be determined from 
cyclically symmetrical equations. 

The foregoing method, in which the plastic strain 
components are determined from known values of 
total strain components is useful in solving thermal- 
stress problems by successive approximations. 


Point-by-Point Solution: Solution of plastic-flow 
problems involves the same equilibrium and com- 
patibility equations as elasticity problems. However, 
these equations must be combined with nonlinear 
stress-strain relations instead of the linear Hooke’s 
law. In many applications, however, resulting equa- 
tions are solved in an identical manner, except that 
a certain amount of systematic trial-and-error 
manipulation is required. 

An example of a general approach,'* ideally suit- 
ed to one-dimensional problems, is the case of a 
disc with a radially symmetrical temperature dis- 
tribution. Stresses and strains depend only on radius. 
There is no requirement, however, that the stress 
distribution be one-directional. Thus both radial 
and tangential stresses and strains must be con- 
sidered. 

Imposed conditions on the disc are of the bound- 
ary-value type, i.e., some conditions are known at 
the center and some are known at the rim. If the 
disc is solid, it is known that the radial and tan- 
gential stresses at the center are equal. If there is 
a central hole, the radial stress is usually zero at 
the inside bore, unless there is a forced fit or other 
internal loading. 

At the rim, the radial stress is zero if there is 
no blade loading, or the radial stress has a known 
value if there is centrifugal loading due to blades. 
Because known conditions are divided between two 
boundaries, an additional condition at one of the 
boundaries must be assumed. Validity of the as- 
sumption is checked by determining its consequence 
at the other boundary. 

Once the stresses are known at the center of the 
solid disc, finite-differences are used to proceed radi- 
ally outward and determine the stresses at all radii, in- 
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cluding the rim. This solution gives the radial rim 
loading which will produce the assumed stresses 
at the center. Correctness of the assumed stresses 
is checked by comparing the required radial rim 
loading to the actual value. If the two do not agree, 
a second trial for center stress is made. Direction 
of modification is ascertained from the prior cal- 
culation. Several calculations and a plot of required 
versus actual radial rim-stress quickly leads to the 
correct center stress. 

This procedure is illustrated in Table I for the 
disc shown in Fig. 69. The computation is made 
for the temperature distribution shown on the sketch 
of the disc profile and for a material having stress- 
strain curves at different temperatures as shown in 
the lower half of the figure. The rotative speed of 
the disc is 46,800 rpm, which corresponds to a value 
of pw” 19,000 lb/ft. Columns | to 5 give radial 
locations of stations for finite difference solution, 
thickness h, at each station, temperature, free ther- 
mal expansion at the temperature, and elastic modu- 
lus. Column 6 gives estimated value of o;.». 

The value of the stress at the center, r = 0, is 
initially an estimation based on the elastic-stress 
computation, with some allowance made for reduc- 
tion in stress due to plastic flow. The stress-strain 
curve itself serves as a guide for this initial assump- 
tion of stress, since the stress must lie on the curve 
within reasonable limits of plastic flow. Although 
it is desirable to estimate the stress as closely as 
possible to the correct value, the first computation 
serves only to indicate the direction of improved 
assumption. 

In the computation for the disc, the stress is taken 
as 111,000 psi, which corresponds to one or two per 
cent of the plastic flow at the corresponding tem- 
perature at the center. Column 7 gives of, which 
for the center of the disc is the same as o,. Columns 
8 to 13 give various stress and strain values which 
are computed for the disc center from the equations 
indicated in the table. 

At the next station, r, = 0.5, the first estimate 
of o,., is based on the value of o,, at r = 0, and 
is arbitrarily chosen as 109,500 psi. To check the 
correctness of this assumption, the value of o;,., is 
computed from 


2hn-1 Tn-1 


hn(rn — 5-8) 


pe ha-1 ar “ ¢ 
—— 91,n-1 + po? rant? + ra® ~ 


n hn 


or.n-1 


Once the radial and tangential stresses are known, 
the equivalent stress and the strain can be deter- 
mined as shown in Columns 8 to 12. Correctness 
of the assumed value of o, at the 0.5-in. radius 
station can then be checked by determining the de- 
gree to which the compatibility equation is satisfied. 
In finite difference form, the compatibility equation 


Tn-1 


Ct,n-1 
Tn 


ln ~ Tn-1 
> (er,n v eCr,n 1) = f(e) = 0 (84) 
<In 


Table 1—Plastic Stress Calculation For Small Strains 
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For each assumed value of o,, the residual associated 
with the corresponding values of o, and o; are tabu- 
lated in Column 13. Several values of o, are as- 
sumed until the residual becomes zero. This pro- 
cedure is followed at each station. In Table 1, only 
the values of o, which cause the residuals to ap- 
proach zero are tabulated at the stations beyond 
r= 0.5. 

At the conclusion of the computation, the value 
of o, at the rim is determined. This value corresponds 
to the assumed value of o, at the center. For the 
example, a radial compressive stress of 41,100 psi 
is required if the assumed value of o, = 111,000 
psi at the center is to be induced. If the radial 
rim-stress is some other value, such as zero for a 
freely spinning rim without blade loading, then 
another value of o, at the center must be assumed 
and the computation repeated. 

The direction of an improved assumption is in- 
dicated by the results of the prior computation. 
Since a compressive stress at the rim has the effect 
of decreasing the stress at the centers then the 
stress at the center must be greater than 111,000 
psi if the compressive stress is absent. 

For a disc with a free central hole, the first sta- 
tion is taken at the radius of the hole, radial stress 
is zero, and computations are made for several es- 
timations of the tangential stress at the inside hole. 

Where external loads or body forces exist, large 
strains can be induced. Then two additional factors 
must be considered: 1. Use of natural or logarithmic 
strain in place of conventional strain. 2. Dimensional 
changes in the body, so that all quantities refer to 
the body in the deformed state rather than con- 
ventional derivations which consider only initial 
dimensions. For example, if e,,, is the conventional 
elongation, the natural radial strain is 


ern = In [l i ae a(AT)n] (85) 


In cases including larger strains, the elastic portion 
of the strains may be neglected. 

To account for dimensional changes in a rotating 
symmetrical disc, a station which was at a radius 
r, moves, after a conventional tangential strain e¢,», 
to a new radius 


Rn = rn(1 - et,n) (86) 


Similarly, a thickness that was initially h, becomes, 
after radial and tangential strains of e;, and é,,n, 
hn 


Hy = (87) 
(1 Li et,n) (1 4 €r,n) 





Fig. 70 shows a comparison between computed 
and experimental values for permanent stretch in 
a rotating disc subjected to temperature gradient.!4 

The next article in this series will discuss the de- 
termination of plastic stresses by successive approxi- 
mations. 
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Tips and 
Techniques 





Areas of Regular Polygons 


When one side of a regular polygon is given, the 
area can be found by multiplying the constant in 
the following table by the square of one side: 





Number of 
Sides 


Number of 
Sides 


0.4330 12 
1.0 13 
1.7205 14 
2.5981 15 
3.6339 16 
4.8284 17 
6.1818 18 
7.6942 19 
9.3656 20 


Constant Constant 





11.1962 
13.1858 
15.3348 
17.6424 
20.1094 
22.7414 
25.5208 
28.4654 
31.5688 





—F. Murray, Chicago, Il. 


Neat Line Inking 


Transparent tape can be placed at right angles to 
the layout line to eliminate thick or thin starts or 
stops, and line runover or runshort on inked draw- 
ings. The tape is placed at the point where the 
line starts, stops, or intersects another line. Starts 


| 
| Masking tape 
| 


,Masking tape 
,% — Layout 
41% line 
We 
| \ te) 
Lines, { 
inked | | 
Cems Tape removed | 
or stops are made on the tape which is later re- 
moved.—E. J. Kicx, Columbus-McKinnon Chain 


Corp., Tonawanda, N. Y. 
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Swinging Hydraulic Junctions 
Solve Hose-Looping Problem 


HOSE WEAR PRODUCED by 
fork extension and retrac- 
tion is minimized in a new 
Clark industrial lift truck 
Each loop of hose is re- 
placed by _ two_ shorter 
pieces of hose connected to 
a common junction block 
Mounted on each end of 
a bar on a swinging han- 
ger assembly, the junction 
blocks allow the hose to 





make a 180-degree turn in 





little more space than the 
thickness of the hose. 

A sliding section in the 
hanger permits it to vary in 





length during extension 
and retraction operations. 


Bit StSE SESE Te 








ROLLER-GRIP HANDLE con 
trois braking, acceleration, 





and forward or reverse 
direction of vehicle travel. 
This same handle also con- 
trols lifting and lowering 
of fork. 

The steering wheel is 
positioned in a_ vertical 
plane to prevent inadver- 
tent turning by the opera- 
tor from starts and stops. 
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Vibrating Fingers Guide Thin Metal 


MECHANICALLY VIBRATED 
BARS mounted on either 
side of a continuous wire 
strip serve as a simplified 
winding-guide control. As 
reported by Frank Buono- 
mo, chief engineer, B. S. 
Roy & Son Co., Worcester, 
Mass. the system handles 
metal strips from: 3 to. 25 
in. wide and 0.002 to 
0.070 in. thick without 
damaging strip edges or 
surfaces. 

The guide-bar assembly 
and rotating shaft are 
oscillated over 150 times 
per minute by a ¥/2-hp mo- 
tor belt-connected to the 
shaft. Oscillating motion is 
produced in the shaft by a 
worm driving a worm gear 





connected to a crank. 


Rubber rolls of 80 to 90 
Durometer hardness are 


mounted on the oscillating 
guide under the strip. The 
number of rolls used de- 
pends on the width of the 
strip. 
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Brooms with Spring ‘Spokes’ 


MULTIPLE-SPRING SUSPENSION of the brush-strip plates in ro- 
tating side brooms simplify operation of new industrial power 
sweeper. These wire-spring ‘‘spokes’’ allow the side brooms 
to automatically adjust to obstacles during close-quarter 
sweeping. Brooms of this design can also absorb full impact 
when they collide with immovable objects, and they eliminate 
the need of a side-broom guard, such as a large rubber roller. 














CONSTANT DOWNWARD 
PRESSURE is provided by a 
spring-loaded counterbalance 
system on the side and main 
brooms. Rubber-mounted 
dampeners stabilize contact 
pressure on main broom. 
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Permit Off-Center Rotation 


GOOD STYLING PLUS RUGGEDNESS are combined in this de- 
luxe sweeper. Designed by Task Master Inc., Azusa, Callif., 
the vehicle is built with a wrap-around fabricated channel and 
tubing bumper which are integrally welded to side plates. 

An automatic clutch maintains proper broom and travel 
speed relationships. The transmission provides three forward 
speeds and reverse. 

Elongated foot-control pedals permit the operator to move 
fully to the left or right to observe side brooms without los- 
ing control of the sweeper. The accelerator pedal is 15 in. 
wide. The brake pedal is 27 in. in width. 


HOPPER DUMPING is accomplished in 10 sec with twin double- 
acting hydraulic cylinders. In the closed position, the hopper 
is sealed airtight by the cylinders. 
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RF Heat Tins Wire Strand 
Before Insulation Is Stripped 


INDUCTION ENERGY MELTS the tin coating on individual wires 
in a strand at preselected cut-off points before the strand is 
cut and stripped. The technique eliminates the step of twist- 
ing and tinning stranded electrical wire after it is stripped and 
cut off. The strands are fused together but the insulation is 
left unaffected. 

Stranded hook-up wire is automatically fed from a stand- 
ard reel or spool through an induction-heating work coil of 
a machine designed by Reeve Electronics Inc., Chicago. The 
wire is then fed on to an automatic wire-measuring, cutting, 
and stripping machine. 

The combination of the induction heating and stripping 
equipment is set up to automatically sense points along the 
wire where cuts and baring of the wire will occur. At these 
spots a short pulse of radio-frequency energy is applied as 
the wire travels to the stripper. The rf energy melts the tin 
coating on each individual wire in the strand, and the tin 
reflows, soldering that section of the strand into a solid bundle. 

Double-tinned and extra-tinned wires are ideally suited 
for this process, but wires with standard tinning can be easily 
bonded in most cases. Silver-plated wire also works well with 


this system. 


After heating 





Woter- cooled induction heating coil | 
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An Engineering Approach to HYDRAULIC LINES | No. 6 


Selecting Hydraulic Connections 


JAROSLAV J. TABOREK 
Research and Development Engineer 
Phillips Petroleum Co. 
Bartlesville, Okla. 


with lines of the same type. Often pipe, hose, 

and tubing must transition from one to the 
other. Selecting the right fitting for these transitions 
is complicated by differences which exist between 
the various line types themselves. Size, thread type, 
and adaptability are a few variables which must be 
considered in selecting the most efficient fitting for 
the job. 

This concluding article of a planned program on 
hydraulic lines presents information on the various 
types and sizes of fittings available, and discusses 
the factors which are essential in selecting and 
applying hydraulic connections. 

Fittings consist of two essentially independent 
connection designs, one on each end. Each design 
provides mechanical and hydraulic linkage for a 
particular type of line or port entry. Therefore, 
several primary requirements must be considered in 
selecting a hydraulic fitting. 

1. The efficiency of mechanical closure for a 
fitting usually determines its hydraulic performance. 
Hence, the mechanical bond should remain firm un- 
der vibration and outside abuse. 

2. Fittings should provide leakproof connection 
under maximum pressures. However, this require- 
ment varies somewhat depending upon the required. 
cleanliness in the installation. 

3. The ease with which lines can be assembled 
and the degree of fitting re-usability are factors 
which vary considerably with various types of fittings. 


Hy with tines systems are seldom fitted entirely 


Standards 


Fittings are available in a multitude of sizes, 
types, and materials. To insure that certain connec- 
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tions could be universally used, JIC Standards were 
set up. The following paragraphs, adapted from 
the JIC Standards, give recommended practices for 
line connections. 


1. Piping between actuating and feed-control de- 
vices should be constructed to rigidly confine a 
minimum volume of fluid. The purpose is to main- 
tain constant, controlled motion and restrict the 
effect of varying forces. 

2. Solderless pipe connections such as flare, flare- 
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less, self-flaring, and flange should be used. 

3. Performance of any type fitting used should 
be equal to, or exceed, the requirements of MIL-F- 
5506. 

4. All pipe threads should be Dryseal American 
(National) Standard Taper Pipe Threads (NPTF). 

5. Fittings with straight threads and which in- 
corporate pressure seals may be used in place of 
pipe thread fittings. 

6. All piping connections should be designed and 
installed to permit quick removal and reassembly 
by means of hand tools. 

7. Only steel should be used as fitting material. 
Copper-alloy fittings should not be used with petro- 
leum-base fluids. Fittings with restricted or stepped- 
up passages are not recommended. 

8. Whenever practicable, each piping run should 
be integral and continuous from one piece of appa- 
ratus to another. Piping runs should be removable 
without dismantling equipment components and 
without bending or springing the tubing in a man- 
ner that would damage it. 

9. When high or extra high-pressure piping is 
used, all connections should be welded to steel 
flanges, or connections should be used which are 
equal in performance and ease of assembly. Flanged 
connections should use sealing devices that seal 
with pressure. 


Port Connections 


A vast majority of hydraulic components used 
in system design have ports which are threaded or 
flanged. The type of port used depends upon the 
port connection and how easy it is to install, how 
often it must be removed, and how strong it must 


be. Hence, it is necessary to carefully select the 
proper port connection to prevent line failure. 


Tapered Pipe Thread Ports: Until recently, Dry- 
seal tapered pipe threads were almost exclusively 
used for port connections. This method provides 
reasonably leakproof connections up to pressures of 
about 1000 psi and is still used on a limited basis. 
The inherent disadvantage of this port is that the 
sealing is performed by a destructive interference 
fit. This type of fit depends on good tolerances and 
workmanship, and offers very limited re-usability 
because of the tightening mechanism. Other dis- 
advantages include poor directional adjustment of 
angular outlet fittings and dependency on high 
tightening torques. While insufficient tightening 
results in leakage and poor vibration control, over- 
tightening can produce cracks in the port housings 
which are usually cast. 


SAE O-Ring Ports: The disadvantages of the pipe 
threads became apparent when pressures in hy- 
draulic systems increased. One early development 
to overcome these disadvantages was the AN port 
design which used a straight thread with an O-ring 
as the sealing element. The SAE O-ring port de- 
sign is an improved version of this original devel- 
opment. 

This design is widely accepted and is approved 
by JIC. Fig. 1 shows a typical O-ring boss and 
fitting while Table 1 gives boss dimensions for this 
type. The outstanding advantages of this port con- 
nection are: 1. Depth of thread required in com- 
ponent body is less than for pipe-threaded con- 
nections, and thinner walls can be used. 2. Torque 
to produce a leakproof connection is substantially 
smaller than for pipe threads. Danger of overtorque 
with all subsequent disadvantages is eliminated. 3. 


Table 1—Dimensions for SAE Straight-Thread O-Ring Ports 


Description 


(in.) 


0.2902 
. 2854 
.3528 
.3479 
4104 
-4050 


4731 
4675 
.5323 
-5264 
.7159 
.7094 


-8356 
8286 
.0158 
.0084 
1409 
.1334 


1.2659 
1.2584 
1.5785 
1.5709 
1.8287 
1.8209 
2.4540 
2.4459 


ria Diameter Height Angie Diameter 
‘000 (in. min) (in, min) +1 deg (in. min) 
0.520 0.468 12 0.438 

-468 .500 

547 563 


547 
609 


.688 


.781 


.906 





All threads Class 2B 


MacHINE DesIGN 





Number of reassemblies without deterioration of the 
joint quality is unlimited. 4. Directional positioning 
of angular outlet fittings is possible without impair- 
ing the sealing property. 5. Sealing effect is propor- 
tional to the system pressure, and leakproof connec- 
tions can be obtained for most current system pres- 
sures. 

Use of SAE straight-thread ports is rapidly in- 
creasing, although availability of components with 
these port types is limited. 


based chee nt Straight-Thread Ports with Metal Seals: SAE ports 

fitting mating face require a facing operation to secure proper position- 

Section Y:¥ ing of the nut and require accurate machining of 

Fig. 2—Flange wits O. the O-ring groove. To eliminate these requirements, 

a aiel cc oelien ¢ ee: = several new designs have been developed which 
achieve sealing with metal-to-metal contact. 





Flange Connections: For large-size components 
esses sssesess and on some critical applications, flanged connec- 
tions are preferred. Sealing in a flange joint is 

* KMGAKL yeh aM 





Table 2—Dimensions of Single and 
Double-Flare Tube Ends 


Single Flare Double Flare Radius Wall 
Diameter, 4 Diameter, B Thickness 
(in., (in., (in., (in. e ) D 

max) min) ons ak: Se es 


0.224 q 0.224 0.214 0.032 
-290 -302 -292 032 


359 0.348 359 «= .349 032 
“ae 421.411 032 


3 f 
“4 





Ro = os 


y 

7772 
mat 
| 


484 ° 0.484 0.474 .046 
we ave -062 


.078 


KRKEK 


lA 

Z 

qe 

Y) 

WLU : 


.078 
.093 
.093 
.109 
0.109 


3 
e 











noe 
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aes ‘see achieved with an O-ring compressed against a 
ground surface. Fig. 2 shows typical flange connec- 
tion. O-ring carrying stems are welded to pipe or 
tubing, and are permanently or clamp-connected to 
hose. Vibration resistance of this type of connection 
Street Tee ' <i a 

is excellent, and re-usability is unlimited. Also, re- 
strictions in passages are eliminated, since the port 
hole coincides with the opening in the fitting. The 
relatively large area of the port which is required to 
accommodate the four flange bolts is one disadvan- 
tage. For this reason, use of the flange-type fitting 
is preferred on larger components. 

















Pipe Fittings 


Pipe fittings are available in many combinations 
of male and female threads. Some of the typical 
pipe fittings available are shown in Fig. 3. In gen- 
eral, pipe fittings are made of brass in small sizes 
for low and medium-pressure applications, cast iron 
in large sizes, and steel for high-pressure applica- 
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tions and when the system must conform to JIC 
Standards. 


Tube Fittings 


Tube fittings have at least one provision for at- 
tachment to hydraulic tubing. Hydraulic sealing ac- 
tion is achieved by flare, self-flaring, or flareless 
designs. 


Flare Type: Fluid sealing in a flare fitting is ac- 
complished by pressing the flared end of the tubing 
against the mating surface of the fitting. The JIC 
Standards specify that the angle of flare for the 
tubing should be 37 deg from the centerline, 74 
deg included angle, and flare dimensions should 
be in accord with Army-Navy Design 10061. Table 
2 gives dimensions for SAE standard flared tubing 
shown in Fig. 4. 

The 37-deg flare has been adopted as standard 
by JIC and is included as an alternate in SAE 
Standards. The 45-deg flare is SAE standard and is 
used extensively by the automotive industry. Since 
JIC Standards require steel as the only permissible 
material for fittings, the 37-deg fittings are commer- 
cially available only in steel. However, the auto- 
motive industry is concerned primarily with low 
pressures. This makes it advantageous for the auto- 
motive industry to use the 45-deg brass fittings 
which are lower in price. The great majority of all 
hydraulic applications make use of the JIC-SAE 
37-deg flare as standard for steel fittings. Compari- 
sons between pipe, tube, and hose sizes, and fitting 
thread systems are given in Table 3. 

Several types of flared fittings, Fig. 5, are avail- 
able for use in connecting hydraulic tubing: 


1. Single-piece nut fitting (two-piece assembly). Sealing 
pressure against flare is provided directly by nut which 
has a long neck for proper alignment with tubing. 
High torque necessary to get proper flare contact tends 
to twist tubing, and the frictional resistance between 
nut and flare may result in unequal distribution of 
the compression force acting over the flare area. The 
long nut also needs its full length of straight-run tub- 
ing before a bend can start. 

2. Three-piece fitting assembly, also known as nut and 
sleeve type. Tightening force is supplied by a short 
nut, while actual sealing pressure is transmitted by a 
sleeve which can transfer only axial forces and ab- 
sorbs the wiping friction generated by nut tightening. 
Since the nut is short, tubing bends can be placed 
much closer to the fitting than in the single-piece nut 
fitting. 

3. Inverted flare type fitting with 45-deg flare. This fit- 
ting has the flare on the inside of the fitting body and 
the swivel piece is in the form of a male threaded 
part. The inverted flare fitting is used mainly in au- 
tomotive applications where it permits closer bends 
than the regular SAE 45-deg flare fitting, Fig. 6. How- 
ever this advantage is lessened by the increase in tube 
movement during disassembly. 


Self-Flaring Types: These fittings do not require 
a special flaring operation and hence, the possi- 
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bility for weakening in the tube material of the 
flare bend is reduced. Torquing the nut presses a 
wedge-shaped sleeve against the tubing end and a 
mating female part of the fitting, creating a flare 
type enlargement on the tube ends. This fitting 
works best on thin-wall tubing where large torques 
are not required to produce the flaring action. The 
joint is mechanically strong, vibration resistant, and 
re-usability is unlimited. 


Flareless Types: These fittings do not require a 
flaring operation, and are not limited in use by tube 
sizes and operating pressures, Fig. 7. 

ComPRESSION Firtincs: One type of this fitting 
consists of two pieces, a body and a nut which serves 
a double purpose, acting as a tube sleeve and tight- 
ening nut. As the nut is advanced, the end is 
squeezed against the tubing wall, forming a slight 
compressive deflection which produces sealing ac- 
tion. The fitting body incorporates an inverted type 
tube seat which tends to expand the end as the 
tube is pushed forward by the nut. This fitting is 
used on soft, thin-wall tubing for low-pressure ap- 
plications, when ease of assembly and disassembly 
is a factor. The nut has a tendency to loosen when 
subjected to vibration, restricting the recommended 
use of the fitting. 

The second type of compression fitting achieves 
a sealing effect when both ends of a sleeve, com- 
pressed between the fitting body and the advanc- 
ing nut, deflect into the outer surface of the tubing 
wall, forming two parallel grooves. 

Condition for this action can be achieved only 
in thin-walled tubing of soft material. Since sealing 
action is performed through the surface-type non- 
destructive contact between sleeve and_ tubing, 
smoothness of the tubing surface is important. Use 
of this type fitting is limited to low-pressure ap- 
plications on vibration-free systems. 

FERRULE Firtincs: The sealing effect in this fit- 
ting is accomplished by forcing the edge of a ferrule 
or sleeve into the tubing wall, creating a destruc- 
tive shear and subsequent interference seal, Fig. 7. 
The result is a strong mechanical joint, developed 
through the spring action of the sleeve, which is 
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leakproof up to very high pressures. In addition, 
the fitting resists vibration. However, a certain 
minimum wall thickness is required because of the 
high stress concentration on the bite mark. Wall 
thickness on the high side is unlimited. Limited re- 
assembly is permissible and will produce a leak- 
proof joint each time. 

O-Rinc Firtincs: The main advantage of this 
type of fitting is the separation of the O-ring seal- 
ing element from the tube-retention element, the 
tapered grip spring. Very low tightening torque is 
required, tube ends need not be square, no stress 
concentration is set up in the tube wall, and number 
of reassemblies is unlimited. 

Correct assembly must leave sufficient length of 
tubing inside the fitting to assure adequate support 
for the O-ring. The estimation of this length is 
somewhat difficult as it cannot be observed or con- 
trolled from the outside. Proper performance also 
depends on a close dimensional match between the 
fitting and tube which, however, should present no 
particular problem with quality hydraulic tubing. 


Hose Fittings 


To connect hose to other circuit components, the 
hose end must be provided with a coupling which, 
in turn, is attache’ to the proper fitting, Fig. 8. 
One side of the fitting must be of a design that 
will correspond to the type of coupling used. To 
describe hydraulic hose connections, the hose coup- 
ling and the actual fitting must be included. 

Most hose end couplings can be obtained in per- 
manently pressed-on designs, re-usable clamp designs, 
and re-usable screw-type designs. The re-usable type 
couplings require appreciable skill and time for their 
assembly. This circumstance limits their preferable 
usage to experimental installations, and to perma- 
nent applications where it is possible to make field 
repairs. For mass-production applications, the 
pressed-on type couplings have economic advantage. 

For hose installation, a preferable practice is for 
both ends of the hose to be connected by union 
connectors which incorporate a free-turning nut. 
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Nuts are located either in the hose-end coupling or 
in the connector fitting. For short hoses, it is pos- 
sible to have one end rigidly connected. In this 
case, the whole hose has to turn during assembly. 
Unions are more expensive than rigid fittings. Hence, 
it is often preferable to locate the union in the 
connector fitting rather than in the hose coupling. 

A considerable number of hose-end coupling de- 
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signs are available, differing in the basic principle 


employed and in the type of flare and thread used. 


Rigid Male NPTF Pipe Thread Coupling: One 
of the most commonly used, this coupling has a 
30-deg internal flare angle, Fig. 8, and must be 
used with a female union connector or adapter which 
also has a 30-deg male flare and NPSM thread. 
A complete selection of these union fittings is avail- 
able; this hose assembly can be connected to male or 
female pipe threads, SAE O-ring ports, or any type 
of flared or flareless tubing. 


Rigid Male Flare Coupling: This coupling seals 
by means of a male flare corresponding to the types 
used for tubing. Preferred for use on hose is the 
37-deg SAE thread type, Fig. 8. The union fitting 
of this connector must also have a matching thread 
and female flare. 


Union Hose Coupling: This fitting contains a free- 
turning nut with a female flare of 37 deg and cor- 
responding SAE thread. Thus, this connector is a 
rigid type fitting with a 37-deg flare. 


Male Pipe O-Ring Union Coupling: This design 
incorporates an O-ring seal into a male NPTF 
threaded free-turning part. Since the O-ring seals 
properly only under pressure, use of this connector 
is limited to applications where an occasional leak 
is not objectionable. 


Rigid Male SAE O-Ring Coupling: The SAE O- 
ring thread end on this connector permits it to be 
assembled directly, without connector fittings, into 
SAE O-ring ports. During assembly, the hose must 
be free to turn. 


Flange Coupling: The split-flange type of design 
is the most frequently used. The hose connection 
can be of the clamped, re-usable screwed or perma- 
nently attached type. If flange connections between 
two lines are desired, the port flange is used on 
both lines, but a sandwich plate is inserted between 
them to form the sealing surface. Unlimited re-us- 
ability is the outstanding advantage of these con- 
nectors, 


Previous articles in this planned program on hy- 
draulic lines have appeared in the April 16, 30, 
May 14, 28, and June 11 issues of Macnine DesiIGn. 








Copies of the entire series, “An 
Engineering Approach to Hy- 
draulic Lines,” bound as a pam- 
phlet, may be obtained for $1.00 
each from: Reader Service Dept., 
MacuineE Desicn, Penton Bldg., 
Cleveland 13, Ohio. 
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The most suitable thermoplastic for 
an application isn’t necessarily the 
newest one. Often, all it takes to solve 
a design problem is a review of the ad- 
vantages offered by a proved material. 

Here, such a review covers proper- 


ties, applications, and design tips for 


Updating 
the 


Butyrates 


ROY O. HILL 
Senior Chemist 
Eastman Chemical Products Inc. 
Kingsport, Tenn. 


ELLULOSE acetate butyrate offers a combina- 
tion of properties not found in any other 
transparent thermopastic material. It has ex- 

ceptional toughness, high impact resistance, and ex- 
cellent dimensional stability. The hardest flows re- 
sist distortion under heat at temperatures to 227 F. 
Also, it is available in an unlimited range of colors, 
is not brittle or readily flammable, and can be fabri- 
cated quickly and economically. Part finishing is 
rarely required because of the plastic’s high surface 
luster. 

Butyrate is available in various grades of hard- 
ness or flows and in nine basic formulations adapta- 
ble to various process methods, Table 1. Each formu- 
lation is designed for different end-product require- 
ments. Compared to other thermoplastics, butyrate 
has the economic advantage of a very rapid form- 
ing cycle and can be vacuum formed, injection mold- 
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Table 1 


Formulation Flow* 





205 H and H2 for ex- 
trusion, MS for 
injection mold- 
ing 


High impact at room 
temperature low tem- 
perature. Provides maxi- 
mum serviceability over a 
wide temperature range. 





MH to MS 


Excellent permanence, good 
toughness, low water ab- 
sorption, low moisture 
transfer. 





High flexural strength, ten- 
sile strength, and modulus 
of elasticity, low water ab- 
sorption. 





MH to MS 


Excellent impact strength, 
good toughness at low tem- 
perature, retains adequate 
strength and hardness at 
high temperatures, service- 
able over a wide tempera- 
ture range. 


Has the highest impact 


strength at room tempera- 
ture and low temperature of 
any butyrate available. Pro- 
vides maximum toughness 
over a wide temperature 
range. 





H and H2 for ex- 
trusion, MS for 
injection mold- 
ing 


MH and H2 for 
extrusion, MS 
for injection 
molding 


MS 


460 MS to MH 


A good general-purpose ma- 
terial. Provides excellent 
strength and brilliant fin- 
ish. In soft flows, other 
formulations have better 
permanence properties. 


Similar to Formulation 205 


but has somewhat greater 
toughness at low tempera- 
tures. 


Similar to Formulation 233 
in mechanical strength and 
hardness, but has higher 
low-temperature impact 
strength. Recommended for 
applications requiring soft 
flow but good surface hard- 
ness and toughness, and ex- 
cellent permanence proper- 
ties. 


Excellent resistance to out- 
door weathering, otherwise 
similar to Formulations 205 
and 435. 





UPDATING THE BUTYRATES 


ed, extruded or blow molded. The complete range of 
properties of the butyrate formulations is shown in 


Table 2. 


Selecting the Forming Process: Generally, toler- 
ances of +0.001 in. are attained by molding or ex- 
truding. Parts can be vacuum formed from extruded 
butyrate sheet if tolerances required are on the order 
of +0.010 in. 

Parts having relatively large areas, uniform wall 
thickness, and no negative draft or undercuts can 
be formed most economically from extruded sheet. 
Molds for thermoforming are less expensive than 
tooling required for injection molding. 

For extrusions, cost of the material is the same 
as that for injection molding, but tooling costs are 
generally lower. As for thermoformed parts, extru- 
sions may also require subsequent trimming and 
additional finishing. 

Choice of a formulation of butyrate for injection 
molding depends on mold design and flow require- 
ments. Maximum dimensional stability in the prod- 
uct is obtained with the hardest flow of butyrate 
which also fulfills other design requirements. De- 
gree of flow in itself is not always indicative of the 
hardness of the molded article; but within the same 
formulation the harder flows generally give a harder 
surface, higher heat resistance, and greater rigidity 
and tensile strength. Softer flows impart greater 
impact strength. 


Joining Methods: Butyrate parts can be fastened 
mechanically or with adhesives which require no 
heat or sustained pressure for curing. In bonding 
butyrate to other plastics mechanically, Table 3 
should be used as a guide. It shows the softest 
flows of the various butyrate formulations which 
may be sately used in direct contact with other 


Injection-Molded Parts 


1. Design reinforcing ribs into large, flat areas. Ribs not 
only strengthen the part but aid in filling the mold cav- 
ity quickly and uniformly. 


. Specify maximum rib thickness to 75 per cent of the 
thickness of the wall reinforced to prevent surface sink 
/ 


marks, Rib height should equal at least 11% times the 
wall thickness. 


3. Check rib design as possible cause of air pockets or un- 
desirable flow conditions in the mold. 


. Specify mold parting lines on hidden surfaces of the part 
when possible. 

. Avoid abrupt changes in thickness in cross sections and 
specify.a minimum radius of 1/16 in. on corners and 
fillets. Wall thickness should not vary through corners. 

. Provide maximum draft angles permitted by considera- 
tions of part function and appearance. 


. Provide for removable cores where pronounced undercuts 
are required and for auxiliary core-pulling devices for 
oblique holes and holes parallel to the mold parting line. 


. Specify sand blasting or vapor blasting for core surfaces 
to prevent sink marks on surfaces above cored holes, Sink 


plastics. Note that in the case of a cement bond, 
the butyrate is in contact with the cement—not with 
the other material to which it is bonded. 
Mechanical methods of assembly are usually pre- 
ferred for joining butyrate to acetate, vinyl, styrene 
or modified styrene, or nonplastic materials. Ce- 


Table 2—Range of Butyrate Properties 


1.15 to 1.22 

0.67 to 0.71 

22.5 to 23.9 
40 to 88 


Specific gravity at 68 F 
Density (oz per cu in.) 
Specific volume (cu in. per Ib) 
Elongation (per cent) 
Izod impact strength 
(ft Ib per in. of notch) 
—40 F 0.4 to 1.7 
73.4 F 0.8 to 6.3 
Tensile strength at fracture (psi 
73.4 F 
158 F 
Flexural strength at yield (psi) 


2600 to 6900 
1000 to 5700 


1800 to 9250 
Compressive strength at yield (psi) 2100 to 9400 
Modulus of elasticity, flexure (psi) 0.55 to 1.85 x 105 
Water absorption, 24 hr (per cent) 0.9 to 2.2 
Hardness, Rockwell R 31 to 116 


Temperature of distortion under heat (F) 
264-psi load 113 to 202 
66-psi load 130 to 227 


Deformation under load or cold flow 


(per cent) to 52 


Je 


Thermal conductivity 
(cal/sq cm/sec/deg C/cm) 4 to 8x 104 


Thermal expansion (in./in./deg F) 6.1 to 9.4x 10-5 
Flow temperature (F) 257 to 347 
Mold shrinkage (in./in.) 0.002 to 0.003 


Shrinkage subsequent to molding; 
40 per cent relative humidity and 
75 F for 1 yr (in./in.) 0.003 to 0.005 


Dielectric strength, /-in. specimen, 
60 cycles, 50 per cent relative 
humidity (v/mil) 250 to 400 





Tips for Designing in Butyrate 


marks result from the vacuum formed when the core 
is withdrawn. 


. Specify external threads at right angles to mold parting 
lines. Internal threads require either a separate mold part 
or a threaded core actuated by a power-driven unscrewing 
device. 

. Provide for molded-in threaded inserts where necessary 
rather than drill and tap the part. Inserts tend to reduce 
cold flow in an assembly under strain. 


. Specify press-fit fasteners for molded holes where practi- 
cal. Heating the insert to approximately 300 F before in- 
sertion lessens the chance of inducing strain in the molded 
piece. 


. Specify diameters of molded holes at least 2 per cent 
smaller than the insert OD and possibly smaller if in- 
sert shanks have deep knurls. 


. Specify oxidizing by baking for brass inserts to make them 
less conspicuous when molded in transparent material. 


4. Consider subsequent part shrinkage in design (distinct 
from mold shrinkage). Parts shrink about 0.005 in. per 
in. at room temperature. Approximately 75 per cent of 
total shrinkage takes place within 48 hr after removing 
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Polystyrene and 
centage styrene 


Methyl Methacrylate 
Polyethylene SA 
Vinyl chloride acetate MS $2 





*Any flow no softer than those listed is satisfactory for direct-contact use with materials 


mented bonds between two pieces of butyrate or 
between butyrate and some other plastic may be 
made as strong as the plastic itself. Suitable ad- 
hesives for bonding butyrate to other materials are 
shown in Table 4. 

Internal threads, if coarse and shallow, may often 
be molded in butyrate and the finished piece forced 
from the core without damage. Finer or deeper 
threads may be formed by drilling and tapping 
the plastic, but it is usually more desirable to mold 
a threaded metal insert into the piece. 

Self-tapping or thread-forming screws are pre- 
ferred because of the thread-to-thread contact which 
provides greater strength. A variation of these is 
the drive screw, intended only for permanent as- 
semblies. Butyrate can be easily swaged by means 
of pressure and a heated tool. In some cases, this 
permits assembly of parts without screws or other 
fasteners. If machine screws or bolts are used, match- 
ing holes must be drilled in both pieces. 

Butyrate sheet can be drilled without the risk of 
subsequent crazing, and self-threading screws will 
not break or crack the surface as they are installed. 


the part from the mold. Mold shrinkage usually averages 
from 0.002 to 0.003 in. per in. but varies with molding 
considerations. 


Thermoformed Parts 


. Apply the same general considerations as for injection- 
molded parts. 


. Design large, flat areas slightly convex if ribs cannot be 
concealed or made part of the design. 


. Consider certain advantages of drawing sheet over a male 
mold rather than into a female mold. The heated sheet has 
less tendency to stretch at points of deepest draw thus 
minimizing thin spots. Also, the appearance surface is 
not in contact with the mold and presents a lustrous finish. 


. Specify a female mold when accurate reproduction of de- 
tails on the appearance side of the part is required. 


. Consider the type of mold material in relation to the 
number of finished parts required. Suitable materials in- 
clude pressed and laminated wood, high-strength gypsum 
cements, poured thermosetting resins, and anal The least 
expensive materials, however, are likely to develop defects 
early in use. 


. Specify draft angles of at least 5 deg on all protruding 
portions and sides of the mold to facilitate part removal. 
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Other satisfactory mechanical methods of joining 
butyrate parts include riveting and stapling. 


Finishing: Vacuum-formed extruded sheet is often 
finished simply by trimming the edges with ordinary 
shop tools or cutting dies. Injection-molded parts 
can be turned or threaded on a lathe, milled, sawed, 
sanded, lapped, or wheel-polished and buffed. 


Table 4—Adhesives for Joining Butyrate and 
Other Materials 


Adhesive* 





Material 





Cellulose acetate 

Cellulose acetate butyrate 
Cellulose acetate propionate 
Cellulose nitrate 

Ethyl cellulose 

Polystyrene 

Polyvinyl chloride 


Metal 
Glass 
Masonry 
Porcelain, 
Wood 
Rubber 
Cloth, felt 
Leather 
Paper 


ceramics 


H 


Cc 


PPPAPtArpwariep pip 
Q 


& 
a 


¢, BD, % 
c, I 
Cc, D, I 





* Adhesive 


A 


Name 


Pyroxcote 
36-208-1 


Metallic X 
Liquid 
Mender 


EC-776 


EC-2002 


EC-969 


Cordo Bond 
C-89D 


Tempotite 2L 
Tempotite 6 


Miracle Ad- 
hesive Type 
M 

Cement No. 
5576 for 
Tenite 
3utyrate 


Description 


Clear, nitro- 
cellulose 
base 


Aluminum 
colored, ni- 
trocellulose 
base 

Transparent 
amber, syn- 
thetic-rubber 
base 

White syn- 
thetic-resin 
emulsion, 
colorless, 
nonflamma- 
ble 


Tan paste 


Clear, vinyl 
base 


Black mastic 

Black viscous 
liquid 

Black reclaim- 
ed rubber- 
resin base 


Clear, cellu- 
lose acetate 
butyrate 
base 


Supplier 


Pyroxylin 
Products 
Ine., 
Chicago 

Lux-Visel 
Ine., Elk- 
hart, Ind. 


Minnesota 
Mining & 
Mfg. Co. 


Minnesota 
Mining & 
Mfg. Co. 


Minnesota 
Mining & 
Mfg. Co 

Cordo Chemi- 
cal Corp., 
Norwalk, 
Conn. 

Tempotite 
Plastic Co., 
New York 

Miracle Adhe- 
sive Corp., 
New York 

Eastman 
Chemical 
Products, 
Ine. 








A Novel 


Linkage Design Technique 


ALLEN S. HALL Jr. 


Professor of Mechanicai Engineering 


Purdue University 
Lafayette, Ind. 


F basic importance in the kinematics of ma- 

chines, the concept of the inflection circle, 

and the relation known as the Euler-Savary 
equation, are the foundations of this article. Dis- 
regarded by most textbook writers, they are unknown 
to many design engineers who could put them to 
practical use. This article presents working tools, 
based on these ideas, reinforced by simple applica- 
tion examples. 


Inflection Circle 
Consider two rigid bodies in plane relative mo- 
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tion. Body | is fixed. As body 2 moves, different 
particles or points trace paths of different shapes. 
At any position of body 2, some of these paths have 
large curvature, some have small curvature, and 
some have zero curvature (infinite radius of curva- 
ture). It can be shown that all particles on paths of 
zero curvature, in a particular body position, lie 
on a circle. This is called an “inflection” circle be- 
cause all particles located on it are, at the instant, 
passing through inflection points in their paths. 


It can be shown further that the instant center 
of rotation common to the two bodies is always on 
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Useful concepts in design of mechanisms are the inflection 
circle and polode curvature. They comprise a simple tech- 
nique for mechanism analysis and synthesis, both graphical 
and analytical. In particular, they aid in substituting four- 


bar linkages for other motion generators. 


Moving palade 





<a oe 





the inflection circle. This point of zero relative 
Nomenclature velocity is called the “pole” P. Since three points 
define a circle, P and two other points define an in- 
flection circle. The other two points are found with 
wuhaiines indians: the aid of the Euler-Savary equation. This equa- 

n = Velocity ratio of two crank members, #4/w2. tion relates, mathematically, four significant places 
O = Instant center of curvature of the path of a par- or points in the system. Representative points are 
ticle in a body in relative motion. shown in Fig. 1 on lines J],A, O,B, or ]-C. The points 

= Pole point, the instant center of rotation common are: Pole P; particle A (or B, etc.) beionging to 
to two bodies in relative motion. the moving body; center of curvature O, (or O), 

y = Included angle between pole normal and lines, etc.) of the path of that particle; and intersection 
— the pole, to significant linkage points, point J, (or J», etc.) where the line containing these 
pee ee three points crosses the inflection circle. Two forms 





= On an inflection circle, the intersection with a 
line passing through P and a point in a body in 
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of the Euler-Savary equation for particle A (or B, 
etc.) are 
(PA)? (PB)? 


OaA = OvnB = er (1) 
]aA ]}oB 


] l | ] ] ] 

— — ee ee ee... 

PA POa Pia PB PO» PJo 

Symbol sequence indicates directed distances. 
Hence O,A = —AO,, and PA = —AP. As Equation 
| indicates, O, and J, always fall on the same side 
of A. 

Applications of the inflection circle and the Euler- 
Savary equation are illustrated in Examples | and 2. 


Example |: Find the radius of curvature of the 
path of particle C in Fig. 1. The procedure is: 

1. Find P for motion of link 3 relative to fixed link 1. 

2. Solve Equation | for JaA to locate Ja. 

3. Repeat for point B to locate J». 

4. Draw the inflection circle through points P, Ja, and Jo. 

5. Connect C with P and mark J; where CP crosses the 
inflection circle. 

6. Apply Equation 1 to find O-C, the required center “of 
curvature. 


Example 2: In Fig. 2, design a guide for member 
3 so that, in the vicinity of the position shown, 
particle A will travel a path with (known) center 
of curvature O,, and particle B will travel a path 
with (known) center of curvature O,. Guiding is 
to be done by two cranks, 2 and 4, pivoted at O, 
and O,, and pin-jointed to member 3 at C and D. 
The problem is to locate C and D. 


1. Pole P is located at the intersection of OaA and OpB. 


Fixed polode 


Pole normal 


Inflection circle 


2. Use Equation 1 to locate points Ja and J» where PA 
and PB cross the inflection circle. 

3. Draw the inflection circle through P, Ja, and J». Mark 
points Je and Ja where PO; and POs cross the inflection 
circle. 

. Solve Equation 2 for PC and PD to locate points C 
and D. The procedure is to substitute known distances 
POc, PJe, POa, and PJa into these equations and solve 
for unknowns PC and PD. Fig. 3 shows that actual paths 
of A and B do closely approximate the circular arcs 
required. 


Shapes of Traced Paths: Further understanding 
of the inflection circle concept may be gained from 
Fig. 3, which represents a four-bar mechanism with 
extensions of the coupler AB. Paths traced by a 
number of particles attached to the coupler are plot- 
ted for short distances. The inflection circle relates 
motion of the coupler to the fixed link. The line 
tangent to the inflection circle at P is called the 
“pole tangent.” Observations are: 


1. Particles of the moving body, outside the inflection circle, 
have paths concave toward P. 

2. Particles inside the inflection circle have paths concave 
away from P. 

3. Particles on the inflection circle have paths which ap- 
proximate straight lines for some distance. 


Although not demonstrated here, all particles on 
the pole tangent have paths with centers of curva- 
ture at P. 


Polode Curvature 


The relative plane motion of any two rigid bodies 
is equivalent to the rolling of two curves, called 


Moving 
clyinder 


Fixed polode 


cylinder 


Oo 





O 


Ss 


Fig. 6—Design of a four-bar mechanism to guide a moving 


Fig. 5—Geometry of fixed and moving polodes. cylinder in rolling contact with a fixed cylinder. 
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“centrodes” or “polodes.” This article uses the latter 
term. Polodes are obtained by plotting the paths 
of poles P. The “fixed” polode is the locus of the 
pole with respect to the fixed link 1, Fig. 4. The 
“moving” polode is plotted by inverting the mecha- 
nism, holding link 3 fixed, and tracing the path of 
the pole. Fig. 5 shows both polodes. 

An important observation is that the rolling of 
the moving polode on the fixed polode gives to all 
particles of link 3 exactly the same paths of mo- 
tion as does the guiding of link 3 by cranks 2 and 
4 of the four-bar mechanism. 

Fig. 5 also shows the inflection circle for motion 
of link 3 relative to link 1, the pole tangent com- 
mon to the polodes and the inflection circle, and the 
“pole normal.” Points O; and O, are centers of 
curvaiure of the fixed and moving polodes at point 
F. 

Radius of curvature of the fixed polode in Fig. 6 is 


2(P]) 
(3) 


cee )-1 Ja <a 
OaA 


= )-1]a+® 


_ sin(Y» + ya) 


4 
sin(Yo — Ya) (4) 


Remember that the various distances (PA, O,A, 
PJ, ... ) are the lengths of directed line segments. 
The signs (plus and minus) of knowns determine 





the signs of unknowns. Angle y, is measured from 
positive line P] to positive line PA. Angles y,. and 
yo may be measured clockwise or counterclockwise, 
but both must be measured the same. 

Examples illustrate application of the polode cur- 
vature equation in analysis (Example 3) and in de- 
sign (Example 4). 


Example 3: To demonstrate the use of the polode 
curvature equation, calculate ,P in Fig. 5. Given: 
PA = 2.75 in. (taken positive), O,A = ~—5.05 in. 
(negative because opposite to PA), PB = 3.01 in., 
O,B = —1.96 in., P] = 8.01 in. (always taken 
positive), yz = 58.7 deg, y, = 18.6 deg. Then K 
from Equation 4 = —1.515 and O,P from Equation 
3 = —4,30 in. 

The negative sign means O,P is opposite in sense 
to PJ. Hence, O; is located as shown in Fig. 5. 

After the center of curvature of either polode has 
been located, the other can be found from Equation 
2, expressed 

l l l 
¥ ‘ (5) 
P] POm PO; 

For this example, PO, = 2.79 in. The positive 
value means PO,, is in the same sense as PJ, hence 
Om is located as shown in Fig. 5. 





Example 4: The moving cylinder in Fig. 6 is to 
be constrained to make approximate rolling contact 
with the fixed cylinder for a limited range of motion. 
It is proposed to pin-joint two links between points 
of the fixed and moving bodies, thus forming a four- 
bar mechanism with the moving cylinder as the 


Polode 2 





| On 
A 
rT —_—<—_ 
“ lJ Ca 
a ee 
[P 
Polode 4 
cylinder 
0, Og O% 
| Reng 


PB=5.97 in. PB=5.97 in. pr Bi Ra 
OyB=12.78 in. QA =\2.79in.| a pee 
, aie 











PA=PB 
%=30 deg 
3,=-30 deg 


PA=P0Om 
% =Ode 
z. “30de0 Fig. 9—Generation of crank polodes. 


Fig. 8— Third estimate 
for example in Fig. 6. 


Fig. 7—Second estimate 
for example in Fig. 6. 
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coupler. In the design position, centers of curva- 
ture of the polodes must coincide with the centers 
of the fixed and moving cylinders. 


1. Determine the inflection circle diameter P] from Equa- 
tion 4. Here POm = 6 in. and PO; = 9 in., hence P] = 
3.6 in. 

2. Equations which must be satisfied are Equation 3 and 
two Euler-Savary equations. 


OvB, Ya, and yp. 
3. For a first solution, estimate Ya = 30 deg, yy = — 
60 deg, and PA = 2PJa. Then, 


PA = 2(3.60) cos 30 = 6.23 in. 
K= sin(~ 30) = 0.50 
sin(—90) 
OaA = 2PA 


When all known quantities have been substituted in Equa- 


O.A = 


OvB = 


These three equations have 


(PA)? 

PA — P] cos Ya 
(PB)? 

PB — P] cos Yp 


six unknowns: PA, PB, O.A, 


tion 2, PB = (0.456) (OvB). 
(6) This expression, solved simultaneously with Equation 7, 
yields PB = 3.31 in., and O»B = 7.26 in. 
The resulting four-bar mechanism is shown in broken lines, 
(7) Fig. 6. Part of the fixed polode is plotted for comparison 
with the fixed cylindrical surface. The agreement is not good 


because the fixed polode coincides with the fixed cylinder 


Using the Inflection-Circle Concept in 


A TOOL-GUIDE LINKAGE DESIGN 


JAMES C. WOLFORD and DONALD C. HAACK 


ONCAVE profiles, very close to 

circular, can be cut by lathe tools 
guided by a four-link mechanism, Fig. 
E. The lathe frame, the saddle and 
cross slide, and the compound rest 3 
are three of the links. Crank 2 com- 
pletes the linkage. The assembly is 
easily adjusted to cut a range of radii 
—particularly large radii, where othe: 
methods are impractical. 

The mechanism is simple to build 
when A is a link pivot, as shown, in- 
stead of a point constrained by a slider 
to move on a straight line. The link- 
age can turn profiles of any radius 
provided distances BC and AB can be 
properly adjusted. 

The Euler-Savary equation relates 
the radius of curvature of the path 
of C, and distances PC and J-C. Thus 

(PC)? 


where P to C is taken as the positive 
direction. 


Associate Professors of Engineering Mechanics 
University of Nebraska 
Lincoln, Nebr. 


The length of link 2 does not affect 
the radius of curvature of the path of 
C in the design position, but it should 
be as long as possible to keep the path 
as nearly symmetrical as possible with 
respect to AC. 

Equation | is used for determining 
adjustments of the linkage to give the 
desired radius of curvature of the path 
of the cutting tip. Any convenient 
value can be assumed for BC = J.C. 
Length AC = PC can be determined 
for a given radius of curvature O-C. 
Distances AB, BC, and AC are easily 
adjusted by moving the cross slide on 
the saddle and the compound rest on 
the cross slide. 

Note that motion of the cutting tip 
is supplied by movement of the sad- 
dle as it is driven along the ways. 
The mechanism would lock if AC 
equaled BC. Also if the difference be- 
tween AC and BC is very small, the 
velocity of tip C will be much greater 
than the velocity of B. Therefore, the 
difference between BC and AC should 


be large enough to permit a suitable 
cutting tip velccity. 

When a point traces a circle, change 
of path radius is zero. The locus of 
points on a moving plane which traces 
paths with stationary curvature is 
called the cubic of stationary curvature. 
In polar co-ordinates, its equation is 


eee l 


— = a (2) 
r M sin @ N cos 8 





where r is the length of the radius 
vector from the pole to a point on the 
curve and @ is the angle from the 
pole tangent to the radius vector. Con- 
stants M and N for any position of 
the moving link can be determined if 
r and @ for two points lying on the 
cubic are known. 

For point B, r = PB and @ = 90 
deg. Therefore, 


cos? — cos 9 


r M sin 8 
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for an extremely short distance. 

4. A better solution is shown in Fig. 7. Estimates were: 
PA = POnm, Ya = 0 deg, yo = — 30 deg. 

5. A still better solution is shown in Fig. 8. Estimates 
were: PA = PB, Ya = 30 deg, and Y» = — 30 deg. 


Crank Polodes 





Crank polodes are equivalent rolling curves, turn- 
ing around the crank pivots, which generate the 
same input-output motion relationship as does the 
four-bar mechanism. To plot the crank polodes for 
any four-bar mechanism, trace the locus of the 
relative pole (instant center) with respect to each 
of the cranks, Fig. 9. 


The inflection circle for the relative crank mo- 


cos @ = y 
or r = M sin 8 


These equations indicate that ‘the cu- 


me—Pole normal 





Inflection 
circle 


0, 
A,P 


Pole tangent 


Lathe axis 


bic of stationary curvature for link 3, 
in the design position, consists of a 
circle with diameter M along the pole 
normal and a straight line coincident 
with the pole normal. Since point C 


Work piece 


position 


Generated 
curve 


Osculatory 
circle 


Tie slide and saddle 


| _7comoouns rest 








Fig. E—Four-link mechanism, adapted to a lathe, turns profiles which are ap- 
proximate circular arcs. Sketch at left shows inflection circle for design position. 
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lies on the pole normal, the path of 
the cutting tip very nearly matches a 
circular arc in the vicinity of the de- 
sign position. 

Practically, the tip of the cutting 
tool is not ground to a sharp point but 
a smooth curve. The point on the 
cutting tool at the center of curvature 
of the tip profile traces a path which 
has its center of curvature coincident 
with the center of curvature of the 
workpiece profile. Hence, O-C in 
Equation 1 should be equal to R — r 


Example: A fatigue specimen must 
have a shape like the workpiece in 
Fig. E. The tool used to machine the 
specimen has a rounded tip with a 
radius of curvature of 1% in. The 
workpiece profile radius is 9% in. 
Therefore, the value for O-C is 9% 
— 4 = 9% in. For an assumed value 
of 4!4 in. for distance BC = J.C, dis- 
tance AC = PC = 6.63 in. 

For AC = 6.63 in., BC = 4.50 in. 
and OzA = 20 in., Fig. 1 shows the 
envelope of the cutting tool profile and 
its osculatory circle. Calculated maxi- 
mum error is 0.0003 in. approx. 

If OzA is large, compared with the 
other linkage dimensions, the differ- 
ence between the desired circle arc and 
the actual profile is 


— q2 
b 


b 2 2 a* 9 
a* — x* + — x2 
a 


b2 


A= 





where A = Error measured perpen- 
dicular to the axis of rotation, a 
AC, b = BC, and x = Axial displace- 
ment of the center of curvature of the 
cutting tool tip from the design po- 
sition. 





LINKAGE DESIGN TECHNIQUE 
tion can be found by applying the Euler-Savary 
equation. For example, in Fig. 10, consider crank 
2 fixed. As crank 4 is moved, points A and O travel 
circular arcs with centers at A’ and O’. Hence, 


I I l 
Pla PA PA’ 

I bce 
PO} PO’ 


(8) 


Py, (9) 
With the points J, and J, located, the inflection 
circle can be drawn and its diameter P] determined. 

Equations 2 and 3, for radius of curvature of the 
fixed polode, apply here. In terms of the symbols 
used in Fig. 10 the equations are 


2(PJ) 


uTov 


h | At ee) l ; 
where u | ~- 
A ( ) 


1] [3 ( mC 0 
and v 4 
O’O (10) 


O;P 


sin(Yo + Ya) 


; 1] 
sin(Yo ~ Ya) (1) 


The radius of curvature of the polode for crank 2 
is O,P. The center of curvature, O,,, of the polode 
for crank 4 is found from Equation 5. 


Crank Speed Ratio: The location of the relative 


Gears to be replaced by 
“|, %=-bar mechanism 


pole for the cranks of a four-bar mechanism is di- 
rectly related to the angular velocity ratio of the 
cranks. The angular velocities of the cranks are 
inversely proportional to the distances from the 
pivots to the relative pole. Since the crank polodes 
are loci of P with respect to the cranks, the shapes 
of these curves are related to the velocity ratio n 
and its derivatives. This fact is used in the design 
problem of Example 5. 


Example 5: A four-bar mechanism is required to 
replace a pair of circular gear segments, Fig. 11. 
The gears have an angular velocity ratio of —3/2 
and operate over a 30-deg range of motion of the 
smaller gear. Velocity ratio must be held within 
+1.0 per cent over the full range of motion. 

These specifications are quite narrow. To meet 
them, velocity ratio n, must be the desired value, 
and as many as practicable of the derivatives of n 
with respect to crank position must be zero. That is, 
in the immediate vicinity of the design position, 
the polodes of the relative motion must coincide 
closely with the gear pitch circles. The four-bar 
mechanism must be so proportioned that the polodes 
for the relative crank motion will have centers of 
curvature at O and O’. 

Refer to Fig. 11. Let O'O = I. For an angular 
velocity ratio n of crank OA to crank O’A’, 
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Fig. 11—Example in which a link- 
age replaces gear segments. 
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Fig. 12—Comparison of linkage performance with 
requirement to deliver constant velocity. 
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ny (13) 


nl 
OP = ———— (14) 
a 


Consider the motion of crank OA relative to 
crank O’A’. In this inverted motion, O is a moving 
point and O’ is the center of curvature of its path. 
Hence, Equation 9 holds. 

Line O’O is the pole normal, so J, is the inflec- 
tion pole J. The diameter of the inflection circle is 


Summarizing Steps to Solutions 


When a linkage must be designed for certain 
performance, the specifications can be formulated 
in a number of ways: 


1. An equation for the displacement of the 
output crank versus position of the input 
crank. 

. Statements concerning the angular velocit 
ratio of the cranks and the manner in whic 
this ratio is to vary with crank position. 

. Statements concerning the angular velocity, 
angular acceleration and rate of change of 
angular acceleration of the output crank for 
a specified constant angular velocity of the 
input crank. 

. Statements concerning torque ratio for the 
two cranks, and its manner of variation 
with crank position. 


Any problem stated in one of these ways can be 
expressed in terms of the geometry of the crank 
pees In turn, crank geometry is related to 
inkage dimensions. If crank motion is not great 
in the range of specified conditions, a good design 
procedure is: 


1. Determine the locations of the centers of 
curvature of the crank polodes to meet the 
design requirements at approximately the 
midposition of the motion range required. 


. Determine a set of link lengths which will 
yield polodes having these centers of curva- 
ture. 


3. Determine whether the design requirements 
have been met throughout the desired range. 
If not, two recourses are available: a. If other 
designs exist for the problem as formulated, 
try them. b. Try making small modifications 
in the tentative design. 


PJ. Expressions for PO and PO’ from Equations 13 
and 14, substituted in Equation 9 give 


a aie ps 
(n — 1)? 

The equations for radius of curvature of the polode 
associated with fixed crank O’A’ is Equation 10, 
with O’ substituted for O,, and Equation 11. In 
these equations, y, is zero. Since y, is the only ot’xer 
angle, it is written y. This information, plus Equa- 
tion 15, reduces the radius of curvature equation to 


(16) 
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Other expressions, similarly modified, are 


PA= 3nl cos Y (17) 
(} = Za Ge 3) 





ii a 9nl cos Y (18) 
(2 — n)(2n — 1) 





Equations 17 and 18 define the locations of A and 
A’ for any value of y. The restrictions placed on the 
design were not enough to determine y, so a value 
can be chosen, say, 30 deg. 

Fig. 12 shows the velocity ratio n as a function of 
displacement of crank OA from the design position. 
Calculated errors for 8 = +13 deg and —IT7 deg 
were found to be 0.4 per cent and 0.9 per cent. 
Curves for such problems should have large scales, 
and readings should be checked by calculation. 
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They Say... 


“If industry is to satisfy its own growing demands 
for high-level talent, if it is to reap the full benefits 
of technology, it will have to invest—and keep on 
investing—in the development and education of men 
from whom new ideas, new methods and new prod- 
ucts will come—men with flexibility, foresight, imag- 
ination, a sound scientific foundation, and a healthy 
appetite for change.”—James C. ZEDER, vice presi- 
dent, Chrysler Corp., Detroit, Mich. 


“Technology is boldly carrying us into new fron- 
tiers at a time when many of our old frontiers are 
still virtually unexplored. It’s advancing at an elec- 
trifying rate of speed. And whether industry keeps 
pace with this advance depends to a vast degree 
upon our ability to train and develop adequate 
numbers of engineers who are capable themselves 
of staying abreast of—and staying ahead of—tech- 
nological progress."—James C. ZEDER, vice presi- 
dent, Chrysler Corp., Detroit, Mich. 





Tips and Techniques 


Elevated Temperatures 


[N DESIGNING mechanical equipment to be 
operated at elevated temperatures, the problem 
is to know how the clearance between two closely 
fitted parts actually varies with temperature, or what 
the actual clearance between two parts is at any 
particular temperature. To complicate this problem, 
materials which are machined to odd configurations 
do not always expand uniformly when heated. 
Clearances at various temperatures can be meas- 


Z Oven 


Shoft 


Bearing j Block 


blocks Cross Section 





Oven wall 





Base plate. 















































Handle 
Dial indicator 


Top View 


ured to an accuracy of +10 per cent with the meth- 
od presented here. Furthermore, the temperature 
has no effect on the measurement. 

This technique consists of rigidly attaching rods 
to the inner part of two closely fitted components 
operating at high temperatures. These rods extend 
to the outside of the heating oven, and when moved 
from outside the oven, cause the inner part to move 
within the outer part. By measuring movement of 
the rods, the clearance between the inner and outer 
parts is determined. Since jonly the movement of 
the rods is measured, any: change in rod length 
resulting from oven température change has no 
effect on the measurement. 

A shaft and bearing assembly is used as an ex- 
ample in the figure. However, this technique can 
be used in many other applications. 

The bearing block is supported above the base 
plate by support blocks. The shaft rests on a disc 
which, in turn, floats on a steel ball. The disc has 
a conical projection which engages the center hol: 
in the shaft and forces the shaft and disc to move 
as one piece. Two rods are threaded into the disc 
at 90 deg to each other so that measurements can 
be taken in the two co-ordinates. Above the bear- 
ing block, two more rods are attached to the shaft 
through a collar arrangement. The rods are threaded 
through the collar and press against the shaft. 
Hence, the tightness of rods can be checked from 
outside the oven. 

To take a measurement at any particular tem- 
perature, the dial indicators, or any other linear 
measuring devices, are adjusted to zero. This ad- 
justment nullifies the effect of temperature on the 
actual rod length. As the top and bottom rods are 
moved in and out, the shaft moves from one side 
of the bearing to the other. Since the shaft reacts 
on a single ball bearing, only low forces are re- 
quired to move it. Total movement of the rods, 
as measured by the dial indicators, is a measure of 
the total clearance. —W. L. Woop Jr., Research 
Engineer, E. I. du Pont de Nemours and Co., Wil- 
mington, Del. 
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Charts and equations for finding best location of supports 


B. SAELMAN 
Design Weight Engineer 
Calif. Div. 

Lockheed Aircraft Corp. 
Burbank, Calif. 


EFLECTION is often a controlling require- 
ment in beam design. This article presents 
charts and equations for finding optimum 

location of supports to give a minimum value of 
maximum deflection in simply supported beam struc- 
tures. A similar approach for minimizing maximum 
bending moments is detailed in a previous article 
(June 11, 1959, Page 173). 


Two Supports—Uniform Load: For the sym- 
metrical support arrangement shown in Fig. 1, maxi- 
mum deflection in the overhang section of the beam 
is (see Nomenclature) 


Nomenclature 





Overhang or end span of beam, in. 

Intermediate span of beam, in. 

Young’s modulus of elasticity, psi 

Moment of inertia of beam cross section about 
neutral axis, in.* 

Beam length, in. 

Uniformly distributed load, lb per in. 

Deflection, in. 


2 — Mae 
lial u ce 


<° 


w Lt ( to* + to — 
(2e + 1)* El 24 
e?to — e® ) 
4 
where e = c/d and Ymaz is the larger of the values 
computed at the tip, t) = 0, and at the intermediate 
point defined by t) = [(4e* + 6e? — 1)/4]™”. 
Deflection at the center span is 
w xt — 2x3d + xd c* (x? — xd) ] 
aes | 24 4 ° 
Maximum deflection in the center span can be 
determined from 
418 — 61? + 12et — 6e? +1 =0 (3) 
w Lt ( a is 0 bi 
El(2e + 1)* 24 





Ymaz = 








where t =x/d. Solution of Equation 3, which is 
the derivative of Equation 2 set equal to zero, gives 
the point on the beam at which maximum deflection 
occurs. Equation 4 is a simplified form of Equation 
2 for maximum-moment calculations. Real, positive 
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Fig. 1—Symmetrical two- 
support arrangement for 
beam with uniformly dis- 
tributed load. 
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solutions of Equation 3 are substituted into Equa- 
tion 4 to find the value of maximum deflection. 

Effect of support location on deflection as deter- 
mined by this approach is shown in Fig. 2. Inter- 
section of the deflection plots defines the value of 
e at which maximum beam deflection is minimized: 
e = c/d = 042 0re = 0.228L. 

When e 0, the beam is simply supported at 
its ends. From Equation 4, then, maximum deflec- 
tion is, 


Ymax —— (5) 


As e increases to a large value, maximum deflec- 

tion is given by 
w L4 6) 

Ymax aye 

. 128E1 

Three Supports—Uniform Load: For a beam with 
a symmetrical three-support arrangement, Fig. 3, de- 
flection in each of the sections between supports 
is given by 


w L4 [ t* 
y a a ee 
; 16EI(e + 1)* 24 





where, again, e = c/d and t = x/d. 
Point at which maximum deflection occurs can 
be determined from 


8t? — t2(9 + 18e7) + 24te? — 627? +1=0 (8) 


As e increases, y approaches zero. When e = 0, 
positive values of t from Equation 8 are t = | and 
0.422. The latter value corresponds to maximum 
deflection Ymaz which is 


0.0054 w L4 


tai 9 
16EI "7 


Ymax 


Maximum deflection in the overhang section of 
the beam is given by 


+ 





Ymaz 


w L4 ( toe to* 
+ 
16(1 + e)# 48 2 
f+e~-Fq CH ) 
BS ei ” 
where Ymaz is the larger of the velues computed at 
the tip, t) = 0, and at the intermediate point de- 
fined by to = [(8e* + 6e? — 1)/8]*/%. 

Maximum deflections for the three-support ar- 
rangement are plotted as a function of e in Fig. 4. 
Optimum condition ise = c/d = 0.42 ore = 0.148L. 
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+ Fig. 2—Effect of support 
location on principal de- 
flections in beam struc- 
ture shown in Fig. 1. 
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MINIMIZING MAXIMUM BEAM DEFLECTION 





Design Example: An aircraft control surface, 
which is 80 in. long, employs one beam member 
to resist bending loads. Find the optimum location 
for two hinges which act as simple supports if mini- 
mum deflection is the design criterion. Also, deter- 
mine how much the deflection can be reduced if 
three support hinges are used instead of two with 
one of the hinges mounted at the midpoint of the 
beam span. 

From Fig. 2, optimum condition for the two-sup- 
port arrangement is e = 0.42. Span d = L — 2c = 
L/(2e + 1) = 80/1.84 = 43.5 in. Overhang c = 
ed = 0.42(43.5) = 18.3 in. 

From Fig. 2 again, maximum deflection at e = 0.42 


2wL* 

10*EI 

From Fig. 4, optimum condition for the three- 
support arrangement is e = 0.42. Span d = L/ 
(2e + 2) = 80/2.84 = 28.2 in. Overhang c = ed = 
0.42(28.2) = 11.8 in. 

Maximum deflection at e = 0.42 is, from Fig. 4, 

5wL* 

16(10)*EI 

Reduction in deflection obtained by using three 
supports rather than two is 100[2 — (5/16)]/2 = 
84 per cent. 
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Fig. 3—Symmetrical 
three-support arrangement 
for beam with uniformly 
distributed load. 
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Fig. 4—Effect of support 
location on principal de- 
flections in beam struc- 
ture shown in Fig. 3. 
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New 
Welding 
Developments 


JOHN J. CHYLE 


A. O. Smith Corp. 
Milwaukee, Wis. 


WELDING is defined as a 

process in which localized 
coalescence of metal is accom- 
plished. Coalescence may »e pro- 
duced entirely by pressure with or 
without accompaniment of heat, by 
heating alone without application 
of pressure, and with or without ad- 
ditional filler material. 

Three major welding processes 
are pressure welding, fusion weld- 
ing, and brazing. Each includes 
several other processes classified ac- 
cording to source of heat and type 
of shielding gas used. Total avail- 
able processes exceeds 65. Selec- 
tion of any one of them depends 
on metals joined, design of parts, 
and cost of the process. The most 
recent developments and applica- 
tions will be covered. 


Pressure Welding 


Pressure welding covers a group 
of related processes characterized 
by the application of force to obtain 
coalescence of metal, usually over 
the entire area of abutting surfaces. 
This coalescence may be produced 
with or without heat. Where heat 
is applied, these processes may be 
further subdivided as to the source 
and nature of the heat. 
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Ultrasonic Welding: In this 
process, energy to effect a weld is 
derived from special equipment us- 
ing elastic vibratory energy for 
joining metals. Spot welding and 
seam welding of metal sheets can 
be accomplished. Metals difficult 
to weld by conventional methods 
can often be joined by this process. 
Such metals include stainless steel, 
molybdenum, zirconium and its al- 
loys, Inconel, tantalum, and tita- 
nium. Ultrasonic welding is also 
used for joining dissimilar metals 
such as copper to aluminum. Com- 
binations which can be joined in- 
clude brass, copper, steel, and alu- 
minum to zirconium; platinum, mo- 
lybdenum, brass, Inconel, and silver 
manganese to various steels; tita- 
nium, copper, gold and platinum 
alloys to nickel; copper or silver to 
brass; molybdenum or tantalum to 
aluminum, and platinum and 
ruthenium alloys to a silver-gold 
alloy. 

Substantial progress has been 
made in the development of the 
ultrasonic welding process in the 
past few years. Notable improve- 
ment in the strength of spotwelds 
has been obtained. This is largely 
the result of improvements in equip- 
ment and procedure. At the pres- 
ent time, the process is limited to 


joining light-gage or thin sheet ma- 
terials. Foil thicknesses can be 
joined readily. Recent tests have 
been made with sheet-metal thick- 
nesses of 0.090 in. and _ spot 
strengths substantially exceed Mili- 
tary Specification requirements. For 
example, tensile-shear strength of a 
spotweld in 0.025-in. Type 301 
stainless steel is 1040 psi. 


High-Frequency Resistance Weld- 
ing: This is one of the newer proc- 
esses which depends on _high-fre- 
quency electrical energy to obtain 
the desired heating characteristics 
for welding. It depends on the fact 
that high-frequency current can be 
brought directly into the object to 
be heated by contact as well as in- 
duction. With the high-frequency 
method, alternating current gen- 
erated from 100,000 cycles and up- 
wards is connected directly to the 
work by contact electrodes. Cur- 
rent is arranged to flow in almost 
any desired path which often is not 
necessarily the low-resistance path. 

The process is applicable to a 
wide variety of metals such as alu- 
minum, brass, copper and copper 
alloys, stainless steels, __ silicon 
bronze, Monel, Inconel, and Inc- 
aloy. Some of the highly reactive 
metals such as titanium, titanium 
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alloys, and zirconium alloys have 
been successfully welded with this 
process using inert gas for shield- 
ing. In addition, combinations of 
dissimilar metals have also been 
successfully welded, such as cop- 
per to aluminum. 

One of the advantages of this 
process is the high speed that can 
be used. Speeds up to 1000 fpm 
can be obtained in light-gage ma- 
terials 0.012 in. thick. The process 
is not limited to tubing, but can 
be applied to other shapes such as 
strips, T-sections, etc. Spiral strips 
of metal can be welded to the sur- 
face of tubes. Another advantage 
is the narrow heat-affected zone ob- 
tained due to the relatively narrow 
band of heating. This localized 
heating also accounts for the great- 
er efficiency of the power used. The 
narrow weld zone results in high 
tensile strength and ductility. 


Foil Seam Welding: This new 
process was developed in Europe 
and finds application where high- 
speed welding and freedom from 
distortion is important. This is a 
resistance welding process for mak- 
ing butt-type joints in flat strips or 
sheets, using a foil on top and bot- 
tom surfaces over the butt joint. 
The thin foil strips are from 5/32 
to 3/16 in. wide and from 0.007 to 
0.010 in. thick. 

Joints are flat and require little 
if any final dressing of the weld 
metal. The surface of the weld 
can be painted or glass lined with- 
out subsequent grinding or process- 
ing operations. Basically, the same 
principles are employed for foil 
seam welding as for conventional 
seam welding except for modifica- 
tions for foil addition. This proc- 
ess has future potentialities because 
of lower finishing costs and dimen- 
sional uniformity. 


Magnetic-Force Welding: The 
basic principle of magnetic-force 
welding is the coupling of electrode 
force with magnetic force created 
by the welding current. Many dif- 
ficult welding problems have been 
satisfactorily solved by this tech- 
nique. 

The magnetic-force welder is gen- 
erally of a direct-acting piston or 
ram - type spotwelder redesigned 
to accommodate electromagnets for 
application of pressure. An air cyl- 
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inder actuates the ram for position- 
ing the weldments between the 
electrodes and also imposes a very 
slight or initial pressure on the 
work prior to welding. Some com- 
binations of materials need a longer 
heating period before welding and 
a delay magnet is used. This gives 
a delayed forge-pressure applica- 
tion. As welding current begins to 
flow, magnetic force is delayed to 
actuate the forging blow. In most 
of the applications, welding time is 
of short duration. 

The advantage of the magnetic- 
force welding process is that it can 
be used for welding high-conductiv- 
ity metals to each other and to car- 
bon steels. Improvement is ob- 
tained in the uniformity and con- 
sistency of welds produced. Many 
materials previously considered un- 
weldable can now be successfully 
welded by magnetic-force. 


Percussion Welding: This is a 
newly developed resistance-welding 
process in which the weld is made 
in an exceedingly short period of 
time over the entire area of the 
metals to be joined. Welds can be 
produced by either a rapid dis- 
charge of electrical energy from a 
stored-energy type of power source, 
or by rapid dissipation of current 
with a standard 60-cycle ac source. 
The principle of operation is that 
the part to be welded has a small 
pinpoint type of projection formed 
or coined into the part. This pro- 
jection is instantaneously vaporized 
upon contact during the downward 
movement of the electrode. In the 
stored-energy type of equipment, an 
air cylinder controls the rapid move- 
ment of electrodes. In the resist- 
ance spotwelder, the magnetic force 
created by the welding current is 
used in the rapid movement of the 
electrode. Welding time is usual- 
ly of 14-cycle duration. 

One of the advantages of this 
process is that large-contact areas 
can be welded with small-capacity 
machines. Another advantage is 
that welding of dissimilar metals 
for high-conductivity electrical con- 
tact points is possible with resultant 
improvements in finish and ap- 
pearance. 


Friction Welding: Operation is 
based on heat produced by friction 
of rapidly moving parts under high 
pressure which is sufficient to cause 


fusion or bonding of the parts. In 
the initial tests in the development 
of this process, the parts were held 
and rotated in a lathe modified to 
incorporate the application of pres- 
sure. 

Foreign materials such as scale 
and impurities are removed by fric- 
tion and plastic deformation of 
joined pieces. Metal is plastically 
deformed and forms a reinforce- 
ment as a collar or bead. A variety 
of materials has been welded such 
as low-carbon and medium-carbon 
steels, free-machining steel, stain- 
less steels, cast iron, brass, alumi- 
num, and titanium, in addition to 
dissimilar metals such as brass to 
steel, brass to cast iron, and cast 
iron to copper. Limitation of this 
process at the present time is to 
parts that are cylindrical in shape 
and can be rotated. 

Some inherent advantages of the 
friction-welding process are low 
cost of power requirements and 
high speed of operation. The proc- 
ess has interesting possibilities for 
special applications to production 
welding of simple sections because 
of low initial capital investment. 


Thermo-Pressure Welding: This 
process can be considered in the 
field of solid-phase welding. Parts 
to be welded are under continuous 
pressure and the metal is heated 
until complete or partial plastic 
flow is obtained. Success depends 
on the cleanliness of the surfaces 
under pressure and the application 
of heat to produce a true pressure 
weld. With the thermo-pressure 
process, it is possible to weld metals 
to semiconductors and to other 
metals which would be difficult to 
join by fusion welding. Pressure 
ranges from 5000 to 10,000 psi and 
temperature from 392 to 572 F. 

Duration of pressure is important, 
and the time at pressure may vary 
from 5 sec to 10 min. This weld- 
ing process has found applications 
particularly in the joining of semi- 
conductors to metals like germani- 
um and silicon and may solve many 
of the problems related to making 
contacts to small areas without us- 
ing chemical fluxes. 


Diffusion Bonding: This process 
is defined as a joining method in 
which metals are heated to tem- 
peratures below their solidus tem- 
perature and held under pressure 


Macuine Desicn 





Cylinders need not 
loM->del-larele] o)(- 

















Specify the 


With Extras . .. At No Extra Cost # ‘ome ad acomakert 
1 METAL PISTON ROD SCRAPER—pro- 


tects rod packing, cylinder bore 
and rod surface by removing all 
foreign particles. 


for longer, more efficient cylinder service 


NEW “SUPER” CUSHION for air or 


Ee Seer, ee You too—can reduce replacement expenditures 
CUSHION for oil. o . 
—lower maintenance costs with the T-J Space- 
sane. Clmemn PLATED .Ceeees maker cylinder line. Designed and engineered 
BORES AND PISTON Rops for greater for ruggedness, and accuracy of operation, the 
protection and reduced wear. Spacemaker assures longer, uninterrupted 
operation. 
4, ONE PIECE PISTON assures better 
alignment, longer bearing and pack- 
ing life. 


The T-J Spacemaker eliminates tie-rods, gives 

greater strength, saves space...and reduces 

costs in all push-pull operations. Immediate de- 

FORGED SOLID STEEL HEADS through- livery ina complete range of styles and capac- 

out entire line. ities ...air or oil. Write for Bulletin SM 155-4, 
today. The Tomkins-Johnson Company, Jackson, 

PILOTED PACKING GLAND with extra Michigan. 

long bearing for additional strength 

and support to piston rod. 


NO TIE-RODS TO STRETCH—gives 


you 360° port rotation . . . less TOMKINS-JOHNSO 


space used .. . full strength. és 


RIVITORS AIR AND HYDRAUL YLINDER JTTER 


STREAMLINED DESIGN . . . operating 
pressures to 200 PSI, air; 1,000 
PSI oil, non-shock. 


July 9, 1959 Circle 481 on Page 19 





DESIGN ABSTRACTS 





for some length of time. No liquid 
phase is formed and bonding oc- 
curs by movement of atoms or in- 
termetallic compounds across the in- 
terface on the surfaces where inti- 
mate contact occurs. 

At the present time, diffusion 
bonding has been investigated only 
for certain types of metal combina- 
tions such as gold and copper, gold 
and silver, nickel and copper, alu- 
minum and gold, gold and nickel, 
and iron and nickel. 

In the operation, intermetallic 
compounds are formed at the dif- 
fusion zone between metals to be 
joined. For some of the bonding 
operations, a plating of nickel, gold, 
copper, or other metals is first de- 
posited on the surfaces. After plat- 
ing, parts are joined by applying 
pressure and heat. Bonding tem- 
peratures are generally below 1000 
F and pressure may range from 
4000 to 8000 psi. Time for dif- 
fusion bonding varies from 20 min 
to 3 hr. During bonding it also 
may be necessary to use inert gas 
to prevent oxidation of the surfaces. 

Diffusion bonding may find some 
important applications in welding 
special alloys where conventional 
processes are not suitable. Since 
temperatures are low, previous heat 
treatment is not altered, and distor- 
tion and cleanliness can be con- 
trolled. 


Fusion Welding 


Fusion welding includes a group 
of related processes in which heat 
is of primary importance in obtain- 
ing the coalescence of metal. The 
source of heat may be electrical, 
from some chemical reactions, or 
from the combustion of gases and 
solid fuels, 


Electroslag Welding: This is one 
of the most recent developments in 
fusion welding and was reported in 
Russia. Fusion of the electrode 
wire and parent metal takes place 
in and under a molten slag bath 
covering the metal bath from which 
the weld is formed. The electrode 
wire or wires are immersed in the 
liquid slag. This process is used 
primarily for welding heavy sec- 
tions and can be used for welding 
plates ranging in thickness from 2 
to 12 in. or more. 
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The process can be most readily 
adapted for welding vertical butt 
joints in heavy weldments, but also 
can be used for welding of girth 
seams in heavy-wall cylinders and 
building up large surfaces with weld 
deposit. For making vertical butt 
joints in heavy plates, a number 
of electrode wires can be used si- 
multaneously. In some applica- 
tions, the wire can be oscillated 
back and forth so that the weld is 
uniformly deposited throughout the 
entire groove section. For making 
the vertical butt joints, the ends of 
the groove are enclosed by water- 
cooled copper plates so that the slag 
is confined in the weld area. These 
plates are moved upward as the 
deposition of metal progresses during 
the welding operation. 

One of the advantages of this 
process is the high metal deposition 
rate which may be as high as 45 Ib 
per hr. Another advantage is the 
higher thermal efficiency compared 
to that of the true arc-welding ef- 
ficiency of the submerged arc-weld- 
ing process. It is claimed that car- 
bon steels, certain types of low-al- 
loy high-strength steels, and stain- 
less steels have been welded suc- 
cessfully with this process in Russia. 

One limitation of this process is 
the large heat-affected zone area 
adjoining the weld and the coarse 
volumnar structure of the weld- 
metal deposit. Recommendations 
have been made to heat treat the 
weldments by a normalizing type of 
postheat treatment to refine grain 
structure. On very large weldments 
this would be a costly operation, 
and problems of distortion have to 
be considered. The process is still 
so new in this country that its ap- 
plication for industrial use mey re- 
quire further investigation. 


Electron-Beam Welding: This is 
a relatively new process, and the 
principle of operation is based on 
the impingement of electrons on 
the workpiece in a high vacuum. 
Electrons are emitted from a tung- 
sten wire filament, and are given a 
high degree of acceleration and ve- 
locity by a high-voltage potential 
between the cathode and anode. 
The workpiece is the anode. 

Basically, all of the various 
makes of electron-beam welders op- 
erate similarly, the exception being 
in the focusing features of the equip- 
ment. These may vary depending 


on whether the electron beam is di- 
rected by means of magnetic or 
electrostatic controls. Because a 
high degree of vacuum is necessary 
to obtain electron bombardment, 
the operation is safe from the stand- 
point of atmospheric contamination. 
There is no contamination from 
oxygen, nitrogen, or other foreign 
materials. Since the operation from 
a purely electronic point of view is 
possible only below 2 = 10* mm of 
mercury, the level of atmospheric 
impurities is less than one part per 
million. The best commercially 
available inert gases contain a level 
of 15 to 20 parts per million of 
contaminating impurities. Such 
high purity is one of the most dis- 
tinctive advantages of this process 
over any other welding method that 
has been developed so far. 

With electron-beam welding, the 
high temperatures developed va- 
porize some of the impurities in 
the parent material. The resultant 
weld is much cleaner than the orig- 
inal base material. An advantage 
of this process is the absence of an 
electrode or an arc, sometimes a 
source of contamination in close 
proximity to the welding area. It 
is also possible to build into these 
electron-beam welders an optical 
system for direct viewing or an in- 
direct system that can be focused 
on the work area. Another signif- 
icant advantage is that the most 
reactive and refractory metals can 
be welded without contamination. 
Investigations can be made now for 
the first time to study effects of 
welding temperature and alloying 
effects of fusion welding without 
encountering contamination either 
by gases or foreign materials. One 
of the outstanding characteristics of 
the process is the resultant deep 
penetration. Tests so far have in- 
dicated that it is possible to obtain 
a depth-to-fusion-width ratio of 2 
to 1 which implies a high tempera- 
ture gradient. 

Reports by various investigators 
indicate that quality of the welds is 
excellent with freedom from poros- 
ity and slag inclusions. | Mechan- 
ical strength and impact properties 
are claimed to be comparable or 
slightly better than welds made by 
the inert-gas tungsten-arc process. 
It is also claimed that grain size in 
the fusion zone and adjacent heat- 
affected areas is smaller for elec- 
tron-beam welds than for welds 
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PROJECTS 


FOR FUTURE 


Space Transports 

are under development now, 

capable of transporting a pilot and 
1000 pounds of payload or three 
passengers — equipped to work in space 
—toan orbit of 1000 miles altitude. 
Indications are that an operational 
vehicle will be feasible and practical 
in the 1965 period. 


DECADES IN SPACE... another Lockheed Progress Report to Engineers 


Plotting the nation’s future space exploration projects 
requires the capabilities of a forward-looking company; 
one with vision, superiority in technical skills and advanced 
facilities. Lockheed, Burbank, long a leader in extending 
the science of flight, is placing its vast resources and accu- 
mulated knowledge into programs designed to provide 
major breakthroughs in the fields of: Basic and applied 
research; manned aircraft of advanced design; missiles and 
spacecraft. Shown here are artists’ renderings of a few of 
these important projects. Such project diversification calls 
for high-level technical skill, offers genuine challenge to 
experienced engineers. At Lockheed these varied projects 
require engineers in many fields. Take advantage of this 
need. Go forward with a forward-looking company: 
Lockheed, Burbank. 


Supersonic Transports -— have held an important place 
in our thinking for the past several years. Extensive wind tunnel 
tests have been conducted on many design concepts, supplemented 
by exhaustive laboratory and structure studies. Lockheed is pre- 
pared to build an airliner that will travel at speeds in excess of 
Mach 3 at an altitude of 75,000 feet. 


Infrared Systems studies are being conducted using an 
advanced method of detecting fast-moving missiles and high-speed 
aircraft. A new facility, which includes an advanced laboratory, 
with an infrared tunnel, for basic research and development of 
prototype equipment in this expanding field, has been set up to 
push Lockheed, Burbank, to the forefront in infrared study. 


Vertical Take-off and Landing Projects —Lock- 
heed, Burbank, is engaged in exploring the potential of VTOL 
projects on a very broad scale. Different VTOL features are embod- 
ied in each proposal. Considerable emphasis is being placed on 
VTOL “air recovery” vehicles, designed for air rescue and reentry 
missiles recovery missions. 


Solar Radiation Studies — are being conducted at Lock- 
heed’s flight test radio station at Briar Summit, California, placing 
particular emphasis on solar flares as our contribution to the Inter- 
national Geophysical Year. We have already accumulated 
more than a quarter of a million images of the sun for 
analysis. In cooperation with other companies, we will 
determine the processes by which solar energy is released. 


High caliber scientists and engineers are invited to take 
advantage of Lockheed’s outstanding career opportunities. Open- 
ings now exist in: Electronics; aero and thermodynamics; propul- 
sion; servo-mechanisms; materials and processes; structures and 
stress; operations research; research in optics, infrared, acoustics, 
magnetohydrodynamics, instrumentation, mechanics and hydrau- 
lics; mathematics; and in all phases of design. Write today to: 
Mr. E. W. Des Lauriers, Manager Professional Placement Staff, 
Dept. 2307, 2400 North Hollywood Way, Burbank, California. 


LOCKHEED / CALIFORNIA DIVISION » BURBANK, CALIFORNIA 
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Winsmith speed reducers 
help simplex piston fillers 


pack semi-solids in a hurry! 


© Simplex Table Model A” Piston Filler, driven by 
Winsmith “CV” Single Reduction Worm Gear Reducer of 
60:1 ratio. Drive motor is 4 h.p. 1750 rpm, single phase. 


SIMPLEX PISTON FILLERS are ‘force-feeding” semi-solids into contain- 
ers at profitable speeds in hundreds of food packing and process 
plants. Manufactured by F. L. Burt Co., San Francisco, they are 
cycled to necessary precision by Winsmith Speed Reducers. 


WHY WINSMITH? Says President F. L. Burt: “Winsmith was the first 
company with a wide range of sizes to fit our needs from stock.” 
This includes outputs from 1/100 h.p. to 85 h.p. in ratios from 
1.1:1 through 50,000:1 in full choice of shaft and mounting 
arrangements — such a complete selection that you’re practically 
getting “custom” units from standardized stocks! Other big 
advantages of designing Winsmith Speed Reducers into your 
product are high output efficiency — maximum torque for the 

size of the package — dependability established 

over half a century. 


WRITE TODAY for Catalogs 

155 and SM 57. See 

the “extras” that are 

standard in the 
Winsmith line! 


WINSMITH, INC. 
16 Elton Street, Springville, (Erie County), N. Y. 


Circle 483 on Page 19 





DESIGN ABSTRACTS 





made by other fusion processes. 
Tungsten, molybdenum, beryllium, 
tantalum, zirconium, and hafnium 
have been satisfactorily welded. 
The process can also be applied to 
some of the more common alloys 
such as stainless and carbon steel. 

One of the disadvantages of this 
process when operating at very 
high voltages is the emission of 
x-rays which requires protection or 
shielding for personnel. Electron- 
beam circuits are involved and com- 
plicated, and require expert tech- 
nicians to make necessary adjust- 
ments. The equipment must be 
made vacuum-tight for very low 
pressures, and all openings must be 
carefully designed to maintain the 
high vacuum. Welding of large 
structures requires special large in- 
stallations and fixtures. 


Arc Plasma: One of the newer 
achievements in recent years has 
been the development of arc-plasma 
type heating which produces tem- 
peratures from 10,000 to 30,000 F. 
Ionized gases are forced through a 
nozzle opening so that they have 
the appearance of a flame emanat- 
ing from the end of the chamber. 
Plasma is defined as any material 
that is heated to extremely high 
temperature and is in the ionized 
conditon. It may consist of a hot 
stream of high-speed gases flowing 
at speeds from subsonic to ultrason- 
ic. Energy transmitted is largely 
due to the ionization of atoms in 
the vapor and gases and to the dis- 
association of molecules which re- 
sults in liberation of large amounts 
of thermal energy. 

An application of the plasma 
torch is for spraying refractory ma- 
terials. At the present time, the arc 
plasma is used primarily as a source 
of heat. Wie some equipment 
has been deveioped for metal and 
ceramic material deposition, the 
process has a vast potential for fu- 
ture applications for fusion welding 
of metals. 

Designs of arc-plasma equipment 
have been developed and investi- 
gated which utilize carbon elec- 
trodes and water instead of gas as 
a stabilizing medivcm. An experi- 
mental unit of 10,000 kw capacity 
has been designed for special high- 
temperature application. One lim- 
itation of this process is the high- 
pressure blast effect developed in 
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the are plasma causing the liquid 
metal to be blown away from the 
weld area. 


Brazing covers a group of weld- 
ing processes where coalescence is 
produced by heating to suitable 
temperatures above 800 F. It re- 
quires filler metal having a melting 
point below that of the base met- 
als. Filler metal is distributed be- 
tween the closely fitted surfaces of 
the joint by capillary attraction. 
Flux may or may not be necessary 
depending upon the method of heat- 
ing and metals joined. Significant 
improvements have been made 
mainly in the brazing alloys and 
heating methods. 

One outstanding brazing achieve- 
ment is the development of sand- 
wich-type construction used on 
various parts of aircraft components. 
Materials can be any of the stain- 
less steels, titanium alloys, and cer- 
tain high-temperature alloys. The 
brazing operation can be performed 
in a number of ways such as fur- 
nace brazing with partial vacuum 
or an inert-gas atmosphere to pre- 
vent oxidation, and with graphite 
blocks to maintain proper dimen- 
sional stability and flatness. Parts 
are enclosed in a metal envelope 
hermetically sealed around the 
edges, and the entire assembly is 
placed in a furnace. Modifications 
may consist of heating the parts in 
a sealed envelope to the proper 
temperature and then inserting the 
assembly between two die blocks. 
Sufficient pressure is exerted to hold 
and maintain the flatness and shape 
of the sandwich construction. 

Silver alloys containing small 
amounts of lithium for improved 
wetability have been developed. 
Other high-temperature brazing al- 
loys include nickel-chromium-boron 
types. It is likely that further de- 
velopments in brazing alloys and 
procedures will continue, and ap- 
plications for joining light-gage 
metals will increase. The future 
appears promising for marked im- 
provements in design for brazing, 
as well as for improved materials 
and techniques. 

SAE paper 52S, SAE National 
Aeronautic Meeting, New York, 
April, 1959; 17 pp. 
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Specially designed with the 
APPLICATION in mind! 


TYPICAL EQUIPMENT 
POWERED BEST BY 
BALDOR MOTORS 


Blowers 
a 
Fans 


7 
Ventilators 


*« 
Agriculture dryers, 
cleaners, separators 
* 
Conveyors 


* 
Woodworking 
machinery 
* 
Abrasive saws 
(masonry & steel) 
7 
Pumps 
* 
Compressors 
. 
Machine tools 








LTRIC line of 
BALDOR motors 


No guesswork here! Now you can stop 
fitting the machine to the motor. 


Famous Baldor Streamcooled Motors 
featuring TEFC construction, are engi- 
neered and designed to fit specific ap- 
plications— your guarantee of getting the 
one right motor that will deliver the 
power and performance to make your 
equipment operate at top efficiency. 


There’s a highly trained and experienced 
Baldor representative near you who will 
be happy to show you how this “‘tailored- 
to-the-job” type of engineering can help 
cut costs and improve the performance 
of your equipment. Contact him direct 
or write to... 


ELECTRIC 


4349 Duncan Avenue 


COMPAN Y 


* St. Lovis 10, Missouri 


Over 500 Authorized Soles & Service Distributors in U.S. A. 
District Offices: Atlanta « Chicago » Cleveland « Dallas « Dayton « Des Moines « Detroit « Litchfield, Conn 
Los Angeles « Milwaukee « Minneapolis « New York « Kansas City, Mo. 
Oakland « Philadelphia « Portland, Ore. « Syracuse 
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Hydraulic Filter 


Design features of the line type hy- 
draulic filter are presented on a data 
sheet. Its Monel wire mesh filter unit 
allows its use with any liquid. Speci- 
fications and a pressure drop graph are 
included. 2 pages. Capital Engineering 
& Mfg. Corp., 5837 S. Ashland Ave., Chi- 
cago 36, Ill. I 
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Portable Switches ; 


Weathertight, corrosionproof pendant 
pushbutton station is une of the portable 
switches described and illustrated in Bul- 
letin F49. Also described are several 
toggle, molded-to-cable, and _ standard 
pushbutton switches. 2 pages. Joy Mfg. 
Co., Electrical Products Div., 1201 Mack- 
lind Ave., St. Louis 10, Mo. I 
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Magnetic Tape Recorder 


Features of the PS-200 magnetic tape 
instrumentation recorder are pointed out 
in Bulletin 55. This seven-channel maga- 
zine-loading transistorized recorder-repro- 
ducer weighs only 65 lb and operates on 
250 watts of power. 8 pages. Precision 
Instrument Co., 1011 Commercial St., 
San Carlos, Calif. 
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Self-Lubricating Bearings 


“Powder Metallurgy Products” is title 
of illustrated bulletin which presents com- 
plete size and application information 
on an extensive line of self-lubricating 
bearings. Types covered include plain 
cylindrical and flanged, and spherical, 
single hub, and double hub self-aligning 
bearings. 6 pages. Johnson Bronze Co., 
406 S. Mill St., New Castle, Pa. G 
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Clamps & Brackets 


Engineering Design Manual No. 210G 
describes a complete line of standard 
clamps, line supports, brackets, and shims 
for all types of electronic, hydraulic, and 
mechanical harnessing. Indexed for quick 
reference, book contains preprinted sketch 
sheets to simplify design. 94 pages. TA 
Mfg. Co., 4607 Alger St., Los Angeles 39, 
Calif. L 
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Limit Switches 


Heavy duty water and oiltight Snap- 
Lock limit switches which can be ob- 
tained in standard, neutral position, 
short travel, and push lever models are 
completely detailed in Bulletin EM-5912. 
Half-scale fold-out sheets enable the de- 
signer to trace the units directly onto 
layouts. Complete specifications are given 
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on all models. 16 pages. National Acme 
Co., 170 E. 13lst St., Cleveland 8, Ohio. 
F 
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Chain 


Chain data Bulletin 59 is a guide to 
17 types of welded and weldless chain. 
Actual size illustrations, recommended 
uses, and working load limits are some 
of the data given to aid in selecting 
the correct chain size and type for prac- 
tically any job. 28 pages. S. G. Taylor 
Chain Co., Box 509, Hammond, Ind. J 
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Prefoamed Plastics 


Chemical and physical properties of 
Nopcofoam, prefoamed, urethane plastics, 
are charted and detailed in comprehen- 
sive Bulletin US 459. Both polyester 
and polyether types of these flexible foams 
are covered. 16 pages. Nopco Chemical 
Co., Plastics Div., North Arlington, N. J. 

D 
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Adjustable-Pitch Sheaves 


Offered in all popular A and B-section 
sizes and a new C-section size, Ad- 
justex sheaves afford simplicity and econ- 
omy to variable speed drive applications. 
Features of these adjustable pitch sheaves 
are presented in Bulletin 20B9125. 2 
pages. Allis-Chalmers Mfg. Co., Mil- 
waukee 1, Wis. K 
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Magnetic Laminations 


Precision-made high permeability trans- 
former, magnetic head, servo motor, and 
special shape laminations are subject of 
Bulletin TB104. Characteristics of the 
laminations are charted. 4 pages. G-L 
Electronics, 2921 Admiral Wilson Blvd., 
Camden 5, N. J. E 
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Flexible Couplings 


Posiflex miniature flexible couplings 
and shaft joints which compensate for 
shaft misalignment are detailed in illus- 
trated bulletin. These power transmis- 
sion components are suited for a wide 
range of uses. 4 pages. Fourdee, Inc., 
Box 6006, Orlando, Fla. Oo 
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Hydraulic Pumps 


Extensive line of hydraulic pumps for 
diverse industrial and aircraft ase is sub- 
ject of illustrated Bulletin HP-1000. Spec- 
ifications and performance data are in- 
cluded. 36 pages. Clark Equipment Co., 
Hydraulic Products Div., Benton Har- 
bor 6, Mich. H 
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Semiprecision Bearings 


Five types of semiprecision ball bear- 
ings, including split-race types, are cov- 
ered in Catalog 59. Complete perform- 
ance data, dimensional details, and ap- 
plication suggestions for these relatively 
low-cost bearings are shown. Modifica- 
tions which answer specific design or 
end-use requirements are discussed. 24 
pages. Freeway Washer & Stamping Co., 
4911 Grant Ave., Cleveland 5, Ohio. G 
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Plastic Valves 


Technology of plastic piping systems, 
including installation and coupling meth- 
ods, pipe standards, and effects of 280 
chemicals on five plastics used in Chem- 
trol valves is covered in Handbook C-159. 
Temperature and pressure chart for valves 
is included. 16 pages. Chemtrol, 10872 
Stanford Ave., Lynwood, Calif. L 
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Hose Assemblies & Couplings 


Application data, design information, 
and detailed specifications of medium 
duty hose assemblies and couplings are 
found in illustrated technical Bulletin 100. 
How to assemble reusable couplings is 
related. 36 pages. Eastman Mfg. Co., 
Manitowoc, Wis. K 
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Mechanical Seals 


Range of process applications and limi- 
tations of Dura mechanical seals are re- 
lated in technical Bulletin 480. Specifica- 
tions are given for a wide variety of 
types and models. 20 pages. Durametallic 
Corp., 2104 Factory St., Kalamazoo, Mich. 

H 
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Carbide Bond Metal 


Plymet, a metal for bonding carbide 
to steel, is self-fluxing and shock resistant. 
Bonded joints have a rupture strength 
of over 100,000 psi. Its application and 
instructions for use are found in illus- 
trated folder. 4 pages. Powder Alloys 
Corp., 316 Colfax Ave., Clifton, N. J. D 
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Heat Exchanger Tubing 


Where Trufin integral finned tube 
should be used, how fins affect heat ex- 
changer design, and a comparison of Tru- 
fin and bare tube exchanger costs are 
among contents of technical bulletin. 
Tube-to-Trufin conversion charts for vari- 
ous alloys are included. 20 pages. Calu- 
met & Hecla, Inc., Wolverine Tube Div., 
17200 Southfield Rd., Allen Park, —_ 
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it’s KOPPERS Piston Rings 


Where profit depends on keeping equipment in service, engineers 
recognize the importance of ring performance. That is why Koppers 
Piston Rings go into the finest engines in the world . . . why they aré 
selected for replacement when better performance is demanded. 


Since the first diesel engine, Koppers has produced piston rings of 
predictable performance in a complete range of materials and a wide 
selection of types and sizes. If you have a ring problem, Koppers can offer 
you the benefit of their experience. Write to: KOPPERS COMPANY, INC., 
Piston and Sealing Ring Department, 4507 Hamburg Street, 

Baltimore 3, Maryland. 


Send now for Koppers recommended Piston Ring Set-Ups 
applicable to the engines which you operate. 





PISTON ano SEALING RINGS 


Engineered Products Sold with Service 


Circle 485 on Page 19 





.. the U.S. Navy’s new Mark 32 
fibre-glass torpedo launcher 


From its unlikely beginning as a 
fibre-glass mat . . . to its successful 
operation in sub-freezing sea spray 
. . . the Mark 32 torpedo launcher 
testifies to the versatility and de- 
pendability of Chromalox electric 
heat. Designed and built by Apex 
Reinforced Plastics, division of 
White Sewing Machine Corp., this 
lightweight, corrosion-resistant 
launcher is now in service on Navy 
destroyer escorts. 

Early in production, a Chromalox- 
heated hood is used in centrifugal 
molding of the launcher tubes. 


First, a rolled fibre-glass mat is 
placed inside the mandrel, which is 
then engaged in spinning motion at 
800 rpm. After thermosetting resin 
has been sprayed into the mandrel, 
the hood is lowered into position for 
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heat curing. The Chromalox type 
RAD Far-Infrared Heaters have a 
total capacity of 36,600 watts, and 
work reaches approximately 200°F. 
in about 45 minutes. The hood re- 
mains on a total cf about 3% hours, 
throughout the spinning operation. 
Before final assembly, each tube 
must have steel ‘‘nut bars’’ and 
“guide bars” cemented to its interior. 
(Nut bars connect the three tubes 
into one assembly; guide bars guide 
torpedoes into the launcher tube.) 
After these parts are cemented in 
place, two Chromalox Tubular Heat- 
ers wired in series set the cement. 


Mounted in a frame which holds 
them in the center of the tube for its 
entire length, the 240-volt, 2750- 
watt heaters are controlled by a 
Chromalox type AR Thermostat. A 
small fan attached to the end cap 
circulates heat within the tube and 
eliminates condensation. 

Next, four plastic quadrants are 
bolted to the tube interior, forming 
a liner to accommodate 12%4-inch 
torpedoes. To each quadrant are 
affixed two 101-inch Chromalox 
Flexible Woven Heaters. 


Circle 486 on Page 19 


After resin has been applied to 
the two channels in each quadrant, 
heaters are laid in place as shown 
below. The leads are then connected 


to a power outlet and the heaters 
set the cement which bonds them in 
place. In action, these heaters main- 
tain a protective 50°F. minimum 
temperature for the torpedo. 

The closeup below shows two leads 
of a circular Chromalox Tubular 
Heater clamped in a groove around 
the launcher’s swivel base. To pre- 
vent formation of ice in the joint 
between fixed and rotating parts of 
the base, this heater comes on auto- 
matically when the temperature 
drops below 50°F. 


Plastic bottles, containing air at 
2000 psi, provide pneumatic force to 
launch the torpedoes. Fabrication of 
these bottles, by the unique Apex 
filament winding process, involves 
still another Chromalox Heat appli- 
cation. After the plastic bottle has 
been formed around a Cerro-alloy 
ball mold, the -!loy must be melted 
from the bottie’s interior. Four sets 
of Chromalox Strip Heater Bands 
and a Chromalox Ring Heater pro- 
vide booster heat on the steam- 
heated vat used for this purpose. 

Perhaps one of these heaters, or 
one of the 15,000 other types, sizes 
and ratings of Chromalox Heaters 
can answer your need for heat. For 
personal assistance and specific rec- 
ommendations, Call your Chromalox 
Man for the Answers. He’s listed at 


7787 


CHROM™MALOX 
Elect. feat 


fy INDUSTRIAL COMMERCIAL RESIDENTIAL 


“=e EDWIN L. WIEGAND COMPANY 
7575 THOMAS BLVD., PITTSBURGH B, PA. 
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Call 


Chromalox 
for the man 


with the 


Answers 
to your heating 
problems 


ATLANTA 98, GA. 
Applebee-Church, Inc. 

1389 Peachtree St., N.E, 
Trinity 5-7244 


BALA-CYNWYD, PA. 
J. V. Calhoun Company 
349 wey ety Ave. 
Mohawk 4-6113 
Greenwood 3-4477 


BALTIMORE 18; MD. 
Paul V. Renoff Company 
333 East 25th St. 
Hopkins 7-3280 

BINGHAMTON, WN. Y. 
R. P. Smith Co., Inc. 

94 Henry St. 
Raymond 4-7703 


BLOOMFIELD, N. J. 
R. L. Faber & Assoc., Inc. 
1246 Broad St. 
Edison 8-6900 
New York: Worth 4-2990 


BOSTON 11, MASS. 
Leo C. Pelkus & Co., Inc. 
683 Atlantic Ave. 

Liberty 2-1941 


BUFFALO 2, N. Y. 
Niagara Electric Sales Co. 
505 Delaware Ave. 
Summer 4 


CHARLOTTE 2, W. C. 
Ranson, Wallace & Co. 
116% E. Fourth St. 
Edison 4-4244 
Franklin 5-1044 


INDIANAPOLIS 8, IND. 
Couchman-Conant, Inc. 
1400 N. Illinois St. 

Station A, P. 0. Box 88023 
Melrose 5-5313 


KANSAS CITY 6, MO. 
Fraser D. oy 0. 
106 E. 14th St. 

Victor 2-3306 


LOS ANGELES 16, CAL. 
Montgomery Brothers 
1053 S. Olive St. 
Richmond 7-5191 


MIDDLETOWN, CONN. 
Dittman and Greer, Inc. 
S. Main St. Extension 
P.O. Box 
Diamond 6-9606 


MILWAUKEE 3, wis. 
Gordon Hatch Co., Inc. 
531 W. Wisconsin Ave. 
Broadway 1-3021 


MINNEAPOLIS 4, MINN. 
Volco Company 
831 S. Sixth St. 
Federal 6-3373 


NASHVILLE 4, TENN. 
H. R. Miles and Associates 
2500-B Franklin Rd. 
Cypress 2-7016 

NEW YORK CITY, N. ¥. 
See “Bloomfield, N. J."’ 


OMAHA 2, NEB. 
Midwest Equipment Co. 
1614 Izard St. 


CHATTANOOGA 1, TENN. Aiiantic 7600 


H.R. Miles & Associates 
P. 0. Box 172 
Amherst 5-3862 


CHICAGO 6, ILL. 
Fred |. Tourtelot Company 
407 S. Dearborn St. 
Harrison 7-5464 


CINCINNATI 8, OHIO 
The Smysor Company 
1046 Delta Ave. 

Trinity 1-0605 


CLEARWATER, FLA. 
J. J. Galleher 
617-A Cleveland St. 


P. 0. Box 1376 
Phone 3-7706 


CLEVELAND 13, OHIO 
Anderson-Bolds, Inc. 
2012 W. 25th St. 
Prospect 1-7112 


DALLAS 26, TEX. 
L. R. Ward Company 
3009 Canton St. 
Riverside 1-9004 


DAVENPORT, IOWA 
Voico Compan 

215 Kahi Building 
Phone: 6-5233 


DENVER 2, COLO. 

E. & M. Equipment Co. 
2415 Fifteenth St. 
Glendale 5-3651 
Genesee 3-0821 


DES MOINES 14, IOWA 
Midwest Equipment Co. 
of lowa 

842 Fifth Ave. 

Cherry 3-1203 


DETROIT 38, MICH. 
Carman Adams, Inc. 
15760 James Couzens Hy. 
University 3-9100 


HOUSTON 3, TEX. 
L. R. Ward Company 
3605 Polk Ave. 
Capitol 5-0356 
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PHILADELPHIA, PA. 
See “Bala-Cynwyd, Pa.” 


PITTSBURGH 6, PA. 
Woessner-McKnight Co. 
Loy — Building 

115S ighland Ave. 
Emerson 1-2900 


PORTLAND 9, ORE. 
Montgomery Brothers 
1632 N.W. Johnson St. 
Capitol 3-4197 


RICHMOND 26, VA. 
0. M. Thompson 
Westhampton Station 
P. 0. Box 8 
Atlantic 8-8758 


ROCHESTER 4, WN. Y. 
Niagara Electric Sales Co. 
133 Clinton Ave. S. 
Hamilton 6-2070 


ST. LOUIS 1, MO. 
Cc. B. + (Company 
317 N. 11th St. 
Suite 1001 
Chestnut 1-2433 


SAN FRANCISCO 3, CALIF. 


Montgomery Brothers 
1122 Howard St. 
Underhill 1-3527 


SEATTLE 4, WASH. 
Montgomery Brothers 
911 Western Ave. 
Main 4-7297 


SYRACUSE 6, N. Y. 
R. P. Smith Co., Inc. 
2507 James St. 
Howard 3-2748 


WICHITA 2, KAN. 
Fraser D. Moore Co. 
Room 211 Derby Building 
352 N. Broadway 
Amherst 2-5647 


EXPORT DEPARTMENT 
1010 Schaff Building 
Philadelphia 2, Pa. 
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Aluminum Hand Forgings 
Aluminum hand forgings, subject of il- 
lustrated Brochure FO-810, provide data 
for proving or improving design of a part 
prior to making tools for die forgings. 
Another use is for low quantity items. 
Processing techniques, available shapes 
and sizes, and properties are covered. 20 
pages. Kaiser Aluminum & Chemical 
Sales, Inc., 1924 Broadway, Oakland, 
Calif. M 
Circle 619 on Page 19 


Tough, Hard Plastics 


Cycolac _acrylonitrile-butadiene-styrene 


polymers, available in molded parts, ex- | 


trusions, and formable sheet, are suited 
for products requiring high impact 
strength, heat resistance, good electrical 
properties, and dimensional _ stability. 
Their properties are detailed according to 
various types. 
Corp., Marbon Chemical Div., Washing- 
ton, W. Va. F 


Circle 620 on Page 19 


| Nameplates & Trim 


A sample precision cast nameplate as 
well as complete information on the pro- 
duction capabilities of this company for 


engineering and making cast metal name- | 
plates and decorative trim are included | 


in Bulletin 3547. Fastening methods, typi- 
cal users, and suggested applications are 


also listed in these fact sheets. 8 pages. | 
La France Precision Casting Co., Phila- | 
delphia 45, Pa. E | 

Circle 621 on Page 19 | 


_ Electric Motor Bearings 


Catalog No. 258 is complete listing of | 


bearings and precision 


Replacement 


electric motor 
bronze bars. 
cross-reference numbers 


cluded, 


parts 


in motor bearings are covered. 48 pages. 
Bunting Brass & Bronze Co., 715-755 
Spencer St., Toledo 1, Ohio. G 

Circle 622 on Page 19 


Adjustable Speed Drive 
Adjustable speed and drive 


and automatic control, 
semblies of the Speed Variator drive. 8 
pages. Cleveland Worm & Gear Co., 
Speed Variator Div., 3300 E. 80th St., 
Cleveland 4, Ohio. F 


Circle 623 on Page 19 | 


Packings 

Metallic packings, packing rings, ma- 
terials selection data, piston rings, liquid 
pump packing, ring type seals, valve discs, 
and engineering reference data are chap- 
ter headings of comprehensive Catalog 
49-59. Complete engineering, design, and 


| application data are included. 52 pages. 


| 
| 


France Packing Co., 9925 Bustleton Ave., 
Philadelphia 15, Pa. E 
Circle 624 on Page 19 


8 pages. Borg-Warner | 





bearings for | 
leading makes of electric motors with | 
are in- | 
as is a progressive size listing. | 
Properties of No. 72 bearing bronze used | 


control | 
problems in the 4 to 16-hp range with | 
input speeds to 1800 rpm are discussed | 
in Bulletin K-250. Presented are typical | 
applications, methods and types of remote | 
and available as- | 





LINEAR 


in low-compression-set 
Butyl... for sealing prob- 
lems involving the non- 
flammable phosphate 
esters. 


LINEAR . . . specialists 
in close tolerance mold- 
ing in all of today’s elas- 
tomers. 


Call on LINEAR for assist- 
ance with all your seal 
problems. 


LINEAL? 


LINEAR, Inc, STATE ROAD & LEVICK ST, PHILA 35, PA 


RUBBER 


Circle 487 on Page 19 





GRAYLOC 
Pipe Connections 
Make-Up In 
3 Minutes 


Unlike the 3-minute egg or the 3- 
minute car wash, GRAYLOC 4-inch 
Pipe Connections actually can be 
made up in 3 minutes by an unskilled 





| 
| 


laborer. What’s more, the connection | 
will test up to 10,000 p.s.i. every | 
time. Two men can make-up a 24- | 


inch connection in 15 minutes. 


GRAYLOC, with its new principle | 
in pipe make-up, can be broken out | 


and re-made repeatedly with no wear 


or other damage to the connections | 


and without replacement of the seal 
ring. 
The GRAYLOC principle features 
flexible tapered lips of the seal which 
are angled slightly less than the mat- 
ing hub. This forms a line seal which 
is changed to a surface seal as the 
connection comes together and the 
lips deflect. This design makes it pos- 
sible for GRAYLOC to withstand full 
vacuum, high external pressure or ex- 
treme internal pressure. 

GRAYLOC has practical applica- 
tions in missile, chemical, petroleum, 
and atomic energy processes. 

For additional information, write, 
wire or telephone Gray Tool Com- 
pany. 


Tool Company 


P. O. BOX 2291 HOUSTON, TEXAS 
REpublic 4-1641 5905 


Circle 489 on Page 19 
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Plastics 


Properties and typical industrial appli- 
cations of 13 major plastic families are 
compared in booklet “Getting Acquainted 
with Plastics.” Included are acrylic, Im- 
plex, nylon, Teflon, polyethylene, flexible 
and rigid vinyl, butyrate, and others. 4 
pages. Cadillac Plastic & Chemical Co., 
15111 Second Ave., Detroit 3, Mich. H 

Circle 625 on Page 19 


Blind Rivets 


Type MS aluminum self-plugging blind 
rivets in protruding and countersunk head 
types are described in Form 8-457. These 
easily installed fasteners are made in a 
wide range of sizes. 4 pages. Huck Mfg. 
Co., 2480 Bellevue Ave., Detruit 7, Mich. 

H 
Circle 626 on Page 19 


Thread Inserts 


New line of Min.O.Dee Lok-Thred in- 
serts for soft metals and plastics is in- 
troduced in illustrated catalog. Offered in 
through, pipe, blind, and special tapped 
styles, inserts are fully detailed. Design 
data are included. 8 pages. Lock Thread 
Corp., 2832 E. Grand Blvd., Detroit 11, 
Mich. H 


Circle 627 on Page 19 | 


Nickel Tubing 
Chemical composition, physical 
stants, and mechanical properties of four 


types of seamless nickel tubing are tabu- | 
lated in Bulletin CM-359. Outside diame- | 
ters range from 0.u12 to 1.125 in. 4 pages. | 
1578 Germantown | 


Superior Tube Co., 
Ave., Norristown, Pa. 


Circle 628 on Page 19 | 


Adjustable Speed Drive 


“Adjustable Speed Drive Equipment for | 
Calendering” is title of Bulletin GEA- | 
6910 which describes how to combat the | 
cost-profit squeeze with a planned pro- | 
gram of drive modernization. Details of | 


various types of all-electric adjustable- 


speed drives, motors, and controls are out- | 


Electric Co., | 


lined. 8 pages. General 
Schenectady 5, N. Y. + 


Circle 629 on Page 19 | 


Industrial Batteries 


A new line of storage batteries which | 
boosts the work capacity of electric in- | 


dustrial trucks by as much as 45 per cent 
is covered by Form 6230. Features of 
Exide-Ironclad batteries rated up to 720 
ampere-hours in. 2l-plate constructions 
are explained. 8 pages. Electric Storage 
Battery Co., Exide Industrial Div., Rising 
Sun & Adams Avenues, Philadelphia 20, 
Pa. E 

Circle 630 on Page 19 


Fluid Power Components 


Condensed specifications on fluid pow- 
er components such as pump generators, 
motor converters, valve controls, and cyl- 
inder converters are contained in Bulle- 
tin 100-P4. 4 pages. Commercial Shearing 
& Stamping Co., 1775 Logan Ave., 
Youngstown 1, Ohio. G 

Circle 631 on Page 19 
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Hubbell has the capacity 

to produce and deliver on time 
the finest quality 

standard or special fasteners 

in the quantity required 

up toa maximum diameter of %”. 
This statement is backed by 

the facilities listed here 

and supported by over 70 years’ 
experience in cold heading. 


Each operation is 
quality controlled 
to insure high 
quality and pre- 
cision. 


Mass production 
is maintained 
without sacrific- 
ing accuracy 

or quality. 


The use of our 
engineering serv- 
ice offers the , 
ultimate in 
engineering 
know-how, 


delivery on re- 
quest. Simply 
send blueprint 
and/or sample 
of the item. 


HARVEY HUBBELL, 
INCORPORATED 
Machine Screw Dept. Bridgeport 2, Conn. 


Circle 490 on Page 19 





PRODUCT-DESIGN BRIEFS FROM DUREZ 


Canopy retards fire 


Good product ideas seem to work almost 
anywhere. 

Take, for example, this plastic gas- 
station canopy. So far as we can tell, the 
idea of cool, light-diffusing canopies over 
the gas pumps started in the South, where 
it would seem to be a natural. 

However, the canopy you see here is 
in Canada. It does most of its work in 
winter, when it may have to hold up the 
weight of five feet of snow and ice. 

The marketing strategy is sound. A mo- 
torist doesn’t mind so much getting out 
oi his car in bad weather when he’s pro- 
tected overhead; and the attendant, too, 
is likelier to provide that extra bit of 
service. 

There’s something else that’s different 
about this canopy. It doesn’t support com- 
bustion, because it’s made with Hetron® 
self-extinguishing polyester resin. A fire 
starting at a pump won’t spread along the 
canopy to other pumps or to the station 
building. 


If it weren’t for self-snuffing Hetron, 
there’d be few places where a good idea 
like this could operate. Fire retardance is 
chemically locked into the resin, not 
added later at the expense of strength. 
The resulting combination of structural 
properties gives you something unique on 
which to base your new-product ideas. 

If you’d like to know more about Het- 
ron resins, let us send you the complete 
technical data file, together with names 
of leading fabricators in this country and 
Canada who can make UjL-listed panels 
and custom-molded shapes for you. 


Less dough 
for this “bread" 


Needed: a dimensionally stable material 
for the “bread” in this sandwich-like mul- 
tiple switch assembly (above right). 

Why dimensionally stable? Because 
each of the seven “slices” in the sandwich 
has 187 holes that must line up with 
matching holes in the other plates. 

What low-cost insulating material 
would hold alignment without risk of 
moisture absorption and warping? Could 
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® A plastic for potentially hazardous locations 


® Material for a non-warping switch 
® More design freedom in metal castings 








holes be molded, rather than drilled, to 
the required accuracy? Would this save 
money? 

The material recommended by the cus- 
tom molder was a fast-curing Durez com- 
pound with good moldability and excel- 
lent dimensional stability. This material 
does everything the designers want it to 
do. Its exceptionally good mold release 
facilitates the low-cost molding of holes. 
In addition, numbers and letters which 
were formerly silk-screened on the plates 
are now molded-in for extra savings. 


Result: a smooth-functioning, non-warp- 
ing switch, produced with the utmost econ- 
omy. It’s just one more proof of the wide, 
wide spectrum of design requirements you 
can meet at low cost with Durez phenolics 
(and often only with phenolics). Want 
more information on these versatile mold- 
ing compounds? Just check the coupon 
for a bulletin on Durez materials. 


Castings — can do 


Don’t back off from a complex metal 
shape just because “it can’t be done.” 

Instead, talk to your foundryman. He 
may have a surprise up his sleeve—shell 
molding. It saved the day for the alumi- 
num-alloy gearbox cover, below. 

Designers wanted as many heat-dissi- 
pating fins as possible; they compromised 
on 40. Even sv, fins tore when the piece 
was poured in sand. Three men could 
produce only 20 good castings a day. 

A switch to shell molding has made 
the casting economically feasible. Three 
men now turn out 70 per day. Dimensions 
are much more consistent from one cast- 
ing to the next. As a bonus, engineers 
found they could squeeze two more fins 
into the design to get — efficiency than 
they first believed possi 

What about cost? Shell- Saschded castings 
sometimes cost more per pound than reg- 
ular castings. But they often save you far 
more than the difference—by reducing 
machining and finishing time and by 
speeding assembly. 

Like to know how these better castings 
are made with the help of Durez foundry 
resins? We'll gladly sen’ you the new 36- 
page “Durez Guide to Shell Molding” if 
you check the coupon below. 


For more information on the Durez materials mentioned above, check here: 


() Hetron fire-retardant polyester resins (SOA) 

(1) General bulletin on Durez materials (Bulletin 400) 

(1) “Durez Guide to Shell Molding” (36-page bulletin) 

Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


DUREZ p.iastics DIVISION 


507 WALCK ROAD, NORTH TONAWANDA, N. Y. 





HOOKER CHEMICAL CORPORATION 
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Here is the low-cost, desk-side 
electronic digital computer 

you need for general design and 
system optimization _ 


Speeds optimum design of new products and equipment! 


Operating from any convenient wall outlet, the compact, powerful 
LGP-30 will today furnish you with high-speed electronic compu- 
tation wherever you need it .. . will eliminate tedious hand caleu-. 
lations ... help you free up more creative time. 

Combining large memory (4096 words) and stored-program 
operation, the LGP-30 gives you twice the capacity of any com- 
puter in its class, yet is by far the easiest to program in basic 
machine language. Simplified controls can be operated with only 
minimum computer experience. Answers are printed out directly 
—require no deciphering. Best of all, even with these many unique 
advantages, the LGP-30 is the lowest-priced complete computer 
you can buy. What’s more, auxiliary high-speed input — output 
equipment is available for system expansion. 

No expensive installation or air-conditioning required. Customer 
training is free. An extensive library of programs and sub-routines 
is available—as well as membership in an active users organiza- 
tion. Sales and service facilities are maintained coast-to-coast. 

For further information and specifications, write Royal McBee 
Corporation, Data Processing Division, Port Chester, N. Y. In 
Canada: The McBee Company, Ltd., 179 Bartley Drive, Toronto 16. 


- data processing division 
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Transmission Machinery 


Review of the Dodge line of power 
transmission machinery presented in Bul- 
letin A-706 is brief but comprehensive. 
Newest products featured are Flexidyne 
dry fluid drives and Para-flex flexible 
cushion couplings. Steel conveyor pulleys, 
roller chain drives, shaft couplings, and 
the Dyna-V line of V-belt drives are 
covered along with other products, 8 
pages. Dodge Mfg. Corp., Mishawaka, 
Ind. J 

Circle 632 on Page 19 


Products Literature 


Available literature on company prod- 
ucts includes numerous brochures, engi- 
neering reports, and specification sheets 
on precision gears and_ breadboards, 
clamps, clutches and differentials, modu- 
lar test equipment, drive test tables, turn- 
tables, gyro test sets, and various test 
consoles. Material is enclosed in a bul- 
letin on research and development, manu- 
facturing, and lab facilities. Sterling Pre- 
cision Corp., Instrument Div., 17 Matine- 
cock Ave., Port Washington, N. Y. D 

Circle 633 on Page 19 


Long-Stroke Seals 


Development, operation, applications, 
selection, specifications, and engineering 
data on the Bellofram seal are contained 
in Bulletin BF200-3. This long-stroke, | 
deep-convolution, constant-area dia- | 
phragm is free-positioning within its 


stroke and is responsive to small pressure | 
changes. 20 pages. Bellofram Corp., 


Blanchard Road, Burlington, Mass. B 
Circle 634 on Page 19 


Cams & Shafts 


Basic metallurgy and important engi- | 


neering properties of Meehanite metal 
used in cams, camshafts, and crankshafts 
are described in illustrated Bulletin 39. 
Examples of parts produced by various 
manufacturers are detailed. 12 pages. Re- 
quest on company letterhead from Mee- 
hanite Metal Corp., 714 North Ave., New 
Rochelle, N. Y. D 


Potentiometers 

Specification sheets for standard wire- 
wound single and multiturn precision po- 
tentiometers are found in illustrated Cata- 
log 202. Facilities for designing and pro- 
ducing special tolerance wire-wound and 
special nonlinear potentiometers, and pre- 
cision machinery are described. 100 pages. 
Request on company letterhead: from 
Spectrol Electronics Corp., 1704 S. Del 
Mar Ave., San Gabriel, Calif. M 


Welding of Aluminum 

Techniques of welding aluminum using 
Aircomatic gas-shielded metal-arc and 
Heliweld tungsten-inert gas processes are 
covered in detailed handbook. It has 100 
photographs, charts, and detailed dia- 
grams of equipment and techniques. Ap- 
plication data, power supplies, and safety 
practices are among subjects. 116 pages. 
Request on company letterhead from Air 
Reduction Sales Co., 150 E. 42nd St., 
New York 17, N. Y. D 
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Whitney MSL Chain is lubricated for life 
by oil-impregnated, sintered steel bushings 
—an exclusive development of Whitney 
Research. With this development, Whitney 
solves a basic chain problem . .. more dam- 
age is caused by faulty chain lubrication 
than by years of normal service. Pressure 
and heat cause built-in lubricant to expand 
and flow from bushings, providing a con- 
stant supply of lubricant to every working 
part of the chain. When drive stops, bush- 
ings re-absorb oil, ensuring a permanent 
oil supply for the life of the chain. By solv- 
ing the lubrication problem, and because 
of other important design advantages, 
Whitney MSL Chain outlasts conventional 
chain as much as 5 to 1 in severe operating 
environments, 


Critical Anca (] 


PIN—Protective film of oil completely 
lubricates the live bearing area between 
pin and bushing, minimizing wear by 
reducing metal-to-metal contact. 


Critical Anca 22 


PLATES—Whitney oil-impregnated 
sintered steel bushings extend beyond 
surtac? of inside plates to: act as lubri- 
cated thrust bearings, control clear- 
ance, and provide an oil cushion 
between plates, eliminating plate galling 
and seizing frequently caused by mis- 
alignment of sprockets. 


Critical Ana 53 
SPROCKET ENGAGEMENT — Oil 
film on exterior surface of Whitney MSL 
Sintered Steel Bushings provides con- 
stant lubrication between sprocket teeth 
and chain. Whitney MSL Chain requires 
no rollers, as the tough oil film on the 
bushing surface provides smooth 
sprocket engagement, cushions im- 
pact and reduces drive wear. 


Whitney oil-impregnated bushings— 
developed through continuous Whitney 
Research—are produced exclusively by 
Whitney to assure MSL Chain users of 
highest quality and reliability. 
Inherent material characteristics of 
Whitney Sintered Steel Bushings, plus 
bushing configuration that provides 
greater contact area between bushings 
and links, permit high interference fit, 
which pre-loads links and gives maxi- 
mum fatigue resistance. 


Controlled clearance between plates 
smaaitiaiaii) . ‘ promotes self-cleaning action. 
WHITNEY MSL CHAIN MEETS ASA STANDARDS 


All essential dimensions of Whitney Standard and Extended Pitch MSL 
Chain conform fully to ASA Standards, making it completely inter- 
changeable with any similiar pitch ASA standard chain, simplifying 
specification for new equipment, or as a replacement for existing drives. 

Whitney MSL Chain is carried in stock by Distributors in all parts of 
the United States, for prompt delivery. 


* Maximum Service Lite 


Whitney CHAIN COMPANY 


A Subsidiary of Foote Bros. Gear and Machine Corporation 
302 WEST HAMILTON STREET — HARTFORD 2, CONNECTICUT 
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Use Yellow Card, page 19, to obtain more information 


Self-Threading Nuts 


are available in 
acorn type 


Acorn-type CST self-threading nuts 
form deep, clean threads while 
tightening on unthreaded studs, 
rod, wire, or rivets of aluminum, 
zinc, steel, brass, or plastic. They 
are presently available for 1% and 
3/16 in. diam. Tempered spring- 
steel nuts have a decorative dome 
shape that covers ends of studs or 
rods. High tensile and torque 
values are provided, while resilient 
spring forces assure a strong, vibra- 


tionproof grip, whether seated or 
unseated. Palnut Co., 75 Glen 
Rd., Mountainside, N. J. D 
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Solenoid Valves 


miniature units are 
two and three-way types 


Miniature, small-ported, solenoid 
valves have ac shading coils of fine 
silver, fully rotatable coil housings 
for electrical connections from any 
angle, ability to operate equally 
well in any mounted position, and 
broad selection of pipe and tube 
connections. Direct-acting valves 
have brass or stainless-steel bodies. 
Designated Series 90 for two-way 
and Series 95 for three-way types, 
valves meet a variety of application 
requirements. Orifice sizes for two- 
way types range from 1/32 to YZ 
in., with differential pressure rat- 
ings to 2000 psi. Three-way types 
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have orifice sizes from 1/32 to 1/16 
in., with differential pressure rat- 
ings to 300 psi. Hoke Inc., 91 Pier- 
mont Rd., Cresskill, N. J. D 

Circle 636 on Page 19 


Flexible V-Belts 


operate over sheaves as small 
as 0.8 in. pitch diam 


Especially designed for high-speed, 
small-pulley, power - transmission 
applications, Poly-V “J” V-belts are 
thin and flexible. They operate 
over sheaves as small as 0.8 in. 
pitch diam, and pitch lengths range 
from 8 to 98 in. Belts are single, 
endless rubber units with a series 
of parallel V-ribs molded length- 
wise around inside circumference. 
Sheave grooves mate with belt ribs, 
and load is evenly distributed across 
full width of drive member. Belts 
are recommended for belt-drive ap- 
plications except where variable- 
pitch or adjustable sheaves are re- 
quired or where positive speed ra- 
tios are essential. They are also 


recommended for applications to 
speeds of 16,000 rpm. Manhattan 
Rubber Div., Raybestos-Manhattan 
Inc., Passaic, N. J. 

Circle 637 on Page 19 


Miniature Transistor 


has switching speed 
of 25 millimicrosec 


Diffused-base, subminiature silicon 
switching transistor, known as 
2N702, features typical total switch- 
ing speeds to 25 millimicrosec and 
guaranteed dc beta range. Tran- 
sistor is produced by gaseous-dif- 
fusion process which provides in- 
herently high performance, out- 
standing reliability, extreme rugged- 
ness, and high dissipation. Unit 
provides guaranteed dc beta spread 
of 15 to 45 and maximum collector 
cutoff current of 0.5 mu amp. Tran- 
sistor is packaged in subminiature 


JEDEC-outline, TO-18 case. Texas 
Instruments Inc., P. O. Box 312, 


Dallas, Tex. P 
Circle 638 on Page 19 


Quick-Disconnect Couplings 


for liquid oxygen 
are self-sealing 


No. 321000 low-passage, self-sealing 
couplings consist of two single liq- 
uid-oxygen, quick-disconnect units 
incorporated into one grip assem- 
bly. They can be coupled and un- 
coupled with one-hand operation. 
The dual-passage couplings are con- 
structed of corrosion-resistant ma- 
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Whatever your problem in flexible hose connections, 


call the Man from Anaconda Metal Hose 





Seamless: Of tin bronze (9834% 
copper, 144% tin)—also corrugated 
stainless steel—in sizes 4" through 
4” I.D. For conveying fluids, chemi- 
cals, etc., under conditions of flexure 
or vibration and to allow for mis- 
alignment. Reusable (mechanical 
type), soldered or welded fittings. 


Stripwound: Constructed from brass, 
bronze, aluminum, galvanized or 
stainless steel. Sizes 2” through 8” 
I.D. A rugged type of hose for gen- 
eral service as steam, oil, water, par- 
ticularly where the hose is handled 
manually. Fittings: soldered or heat- 
proof (packed-on). 


Type UI: Interlocked unpacked hose 
in galvanized steel, stainless -steel, 
aluminum, etc. Sizes through 8” 
L.D. For ventilating ducts, dust col- 
lection, engine exhausts, exhausts at 
grinding machines, bottle chutes, 
drain lines, protective casing for 
flexible hose assemblies. 





Diesel: Heavy-duty steel exhaust 
and air intake hose. Sizes 2” through 
16” I.D. Designed for rugged, 
heavy-duty use. Helical corruga- 
tions with open or closed pitch. Also 
in stainless steel (type Y-21) for 
corrosive applications. 





Flexpipe: Takes up travel in piping, 
connects misaligned ports, dampens 
noise and vibration in piping. Stand- 
ard sizes and lengths. Available in 
bronze, stainless steel, steel; in sizes 
14” through 16” I.D. with NPT fit- 


tings, flanges or welding nipples. 


Teflon* Anaconda flexible connec- 
tors of Teflon with stainless steel 
wire braid for use with pipe sizes 
from %” through 144”. Available 
in a wide variety of standard hose 
assemblies complete with fittings. 


*Tefion is a DuPont trademark for its fluorocarbon resins. 





i 


8 
J 


FREE TECHNICAL SERVICE. Anaconda 
Metal Hose specialists are con- 
stantly working with design en- 
gineers on special flexible con- 
nectors and hose to meet new 
problems. Having broad experi- 
ence working in stainless steel, 
other steel alloys, Monel, copper 
alloys, aluminum, and Teflon, 
they can save you considerable 


AX Tubing: Large diameter tubing for 
big, tough jobs. Available in Type 321 
Stainless Steel, and other metals and 
alloys. Sizes from 41” through 14” I.D. 


Designed to handle axial and lateral 
movement—while conveying large vol- 
umes of liquids or gases—for bulkhead 
seals, etc. 


time and money in designing the 
flexible connector best suited for 
any of your jobs. 

Our specialists are available to 
you through Anaconda Metal 
Hose representatives in leading 
cities—see listing “Metal Hose” in 
the Yellow Pages. Or write: 
Anaconda Metal Hose Division, 
The American Brass Company, 
Waterbury 20, Conn. au 








ANACONDA METAL HOSE 


Circle 494 on Page 19 
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terial, and sealing members are 
either Teflon or Kel-F. Visual aids 
are provided to indicate that cou- 
pling is locked in detent engage- 
ment, and thrust bearing in dis- 
connect half of unit reduces op- 
erating torque. Connecting or dis- 
connecting can be accomplished 





... SAVE ON A MODIFIED STOCK FORGING FROM peng noi ge ye 

7 u - 
Cleveland Forge Works . . . Stocks over 350 industrial forgings, tooling costs é 
¥ we sa aoe _ . | ized. Essex Mfg. Co. Inc., 8213 
Cleveland Forge Works . . . Finish-machines to your specifications Gravois Ave., St. Louis 23, Mo. I 
Cleveland Forge Works . . . Modifies stock forging to your design Circle 639 on Page 19 
Cleveland Forge Works . . . Offers broad facilities in forging, machining, and 

finishing from a single source H 

For catalog 19-A and complete facility information, write Forge & Fittings Division, | Molding Compound 
H. K. Porter Company, Inc., Cleveland 4, Ohio. 





has excellent 
low-temperature toughness 


FORGE & FITTINGS DIVISION Pl | | Mt H.K.PORTER COMPANY, INC. 


First of a series of polyethylene 
PORTER SERVES INDUSTRY with 12 DIVISIONS including: Thermoid, Delta-Star Electric, National Electric, Riverside-Alloy Metal, Refractories, ° ° 

Connors Steel, Vulcan-Kidd Steel, Forge and Fittings, Disston, Leschen Wire Rope, Mouldings, and H. K. Porter Company (Canada) Ltd. molding materials based on new co- 
polymer, and developed especially 
for housewares applications, DPD- 


7365 has extensive use in a variety 


ATTACHMENT and FASTENING of other injection-molding applica- 


tions. Compound has outstanding 

cd ke O be L - M tty O L VY E a low-temperature toughness quali- 
| ties, withstanding temperatures 

Applied with standard TRS riveting machines | down to —10 F without shattering. 

Solve design problems with PERMA-NUTS and get the Other qualities of DPD-7365 = 

speed and economy in production that goes with automatic | clude long flex life, superior stress- 

feeding and setting of standard tubular rivets. An cracking resistance, excellent sur- 

WRITE important advantage of this unique combination nut | face gloss, broad molding latitude, 
FOR and rivet! A built-in “lock washer” feature is another. and high rigidity. Union Carbide 
CATALOG = | Plastics Co., Div., Union Carbide 
| Corp., 420 Lexington Ave., New 
| York 17, N. Y. C 
Circle 640 on Page 19 


| Speed Reducers 


for torques to 350 oz-in. 


Circle 495 on Page 19 





NUT AND SPACER 


| Improved precision speed reducers 
| are equipped with precision ball 
bearings or oilless bronze bearings. 
Designed for torques to 350 oz-in. 


NUT PLATE IN Y ’ in ratios from 1:1 to 360:1, units 
TIGHT SPOT z “ 


9 
Permia-Nuts , 
NUT AND BUSHING 





TUBULAR RIVET & STUD CO., Quincy 70, Mass. 
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are available in 14, 3/16, and 1/,- 
in. shaft sizes. Range of over 175 
different sizes and ratios is available 
from stock. PIC Design Corp., 477 
Atlantic Ave., East Rockaway, L. I., 
N. Y. D 

Circle 641 on Page 19 


Liquid Spring 


is short-stroke, 
high-force unit 


Model 1028 liquid spring, using 
liquid compressibility, is only 11/4, in. 
in diam by 3!/% in. long and pro- 
vides a preload from 500 to 5000 lb. 
The short-stroke, high-force spring 
can also be a shock absorber to re- 
lieve excessive loads on structures 
or tools. Spring force increases 200 


lb per 0.0001-in. stroke, plus damp- 
ing forces of 6000 Ib maximum and 
energy absorption of 1500 I|b-in. 
Taylor Devices Inc., 188 Main St., 
North Tonawanda, N. Y. N 

Circle 642 on Page 19 


Miniature Switches 


plastic units are available 
in expanded line 


Line of precision snap-acting 


switches now consists of 19 units | 
in Series 5200. Ten models, with | 


actuating button in center position, 
cover operating force range of 3 to 
20 oz. They are qualified to basic 
snap-action switch specification 


MIL-S-6743 and vibration require- | 
ments of MIL-E-5272A, Procedure | 


II. Additional line switches, with 


actuating button in off-center posi- | 


tion, feature extremely low operat- 
ing forces. Furnished with pin, in- 


tegral-wire, or flat-leaf actuators, 
they cover operating force range of | 


2.5 to 60 gm. All Series 5200 


switches have electrical terminals | 


July 9, 1959 





You can solve many problems better and at 
lower cost with DIAMOND Roller Chain 





another BIG JOB calls for dependable 


DIAMOND 


ROLLER CHAIN 


@ This 40-foot high, 525,000-pound 
Vertical Boring and Turning Ma- 
chine built by Morton Manufactur- 
ing Company of Muskegon Heights, 
Michigan, uses DIAMOND Roller 
Chains on the counter-weights. 

DIAMOND Roller Chain assures 
long trouble-free life, efficient ser- 
vice and low-cost maintenance in 
every type of roller chain applica- 
tion. 

When you need chain, specify 
DIAMOND. Write now for catalog 
containing complete information on 
DIAMOND Roller Chains and 
Sprockets. Engineering service is 
available. 


DIAMOND CHAIN CO., INC. 


A Subsidiary of American Steel Foundries 


- Dept. 435 * 402 Kentucky Ave., Indianapolis 7, Indiana 
* Offices and Distributors in All Principal Cities 


DIAMON OER 


Circle 497 on Page 19 





are you spending 


$4 2300 


for a one cent job ? 


If you're duplicating drawing details, you're 
squandering precious hours of costly drafting 
time. STANPAT, the unique tri-acetate that is 
pre-printed with your standard and repetitive 
blueprint items, cuts time involved from 3 
hours to 15 seconds! Figured at current poy 
rates, this means a $12 job at less than one 
cent... the STANPAT way. Easily transferred 
fo your tracings by an adhesive back or 
front, STANPAT relieves your engineer of 
time-consuming and tedious details, freeing 
him to concentrate on more creative work. 


here’s how simple the 
STANPAT method is! 








PEEL 


the STANPAT 








the STANPAT into 
position on the 
tracing. 








PRESS 


into position... 
will not wrinkle 
or come off, 








STANPAT is available in two types of 
adhesive backs: 
@ Rubber base for standard drofting and 
tracing papers 


@ Resin base to prevent leaching for papers 
that contain oils 


But whatever the application may be, there's a 
STANPAT product for your specific needs. For fur- 
ther information and technical assistance, complete 
the coupon below and mail, 





STANPAT co. Whitestone 57,N.Y.,U.S.A 
Phone: Flushing 9-1693-1611 


(] Please quote on enclosed samples. 
() Kindly send me STANPAT literature and 
samples. Dept. 117 

















Address___ 
L 


from its backing. | 
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molded in place for maximum 
rigidity and resistance to move- 
ment. Haydon Switch Inc., Water- 
bury 20, Conn. B 

Circle 643 on Page 19 


Nylon Band Clamp 


gives positive 
holding action 


Wedge Lock band clamp employs 
a design that combines advantages 
of ratchet teeth and wedge to pre- 
vent slipping. Ratchet teeth on 
band engage with matching teeth 
inside clamp loop. Small, two-po- 
sition, floating wedge is notched 
and can be engaged with a rib on 


| inside of loop to provide permanent 


lock. Clamp is made entirely of 
nonconducting, noncorrosive, nat- 
ural-color nylon. One si:e accom- 





modates cable or wire diameters 
from 1% to 134 in. Weckesser Co., 
Dept. MD-1, 5701 Northwest High- 


| way, Chicago 46, III. J 


Circle 644 on Page 19 
Epoxy Laminate 


is low-cost, 
paper-base type 


Paper-base epoxy-resin laminated 
plastic combines superior perform- 
ance characteristics of glass epoxy 
laminates with fabrication ease of 
paper phenolic laminates. Desig- 
nated Grade XY-1, it is furnished 
in 37 x 49-in. sheets from 1/32 to 
14, in. thick. It is also available in 
copper-clad form, Grade XY-1 Cu- 
Clad, for printed circuits. Copper- 








(Advertisement) 


No. 3 of a series 


Eastman 910 Adhesive 
solves another 
production bottleneck 


Recordak Corporation, New York City, 


| offers microfilming equipment that 
| photographs and endorses bank checks 
| in one operation. 


Rubber endorsing plates, rather than 
steel, were preferred yet could not be 


| used because of the difficulty of secur- 


ing the flexible rubber plate to the steel 
back, permanently and quickly. 

The problem was solved with East- 
man 910 Adhesive. 

Coated lightly with adhesive, the 
plates are held in alignment in a simple 
jig. In a matter of minutes, the bond is 
formed...and the unit is ready for de- 
livery and installation. Field tests show 
the bond lasts for the life of the rubber 
printing plate. 

Eastman 910 Adhesive is making 
possible faster, more economical as- 
sembly-line operations and new design 
approaches for many products. It is 
ideal where extreme speed of setting is 
important, or where design require- 
ments involve joining small surfaces, 
complex mechanical fasteners or heat- 
sensitive elements. 

Eastman 910 Adhesive is simple to 
use. No mixing, heat or pressure is re- 
quired. Upon spreading into a thin film 
between two surfaces, setting begins 
immediately. With most materials, 
strong bonds are made in minutes. 

What production or design problem 
can this unique adhesive solve for you?, ‘ 


Bonds Almost Instantly 
... Without Heat, 
Pressure or Catalyst 


i 
For a trial quantity (4-ounce) send five 
dollars to Armstrong Cork Company, In- 
dustrial Adhesives Division, 9107 Dean 
Street, Lancaster, Pa., or to Eastman 
Chemical Products, Inc., Chemicals Divi- 
sion, Dept. M-7, Kingsport, Tenn. 


Circle 499 on Page 19 




















Total Motor Burnout Protection”... 


NO OTHER PROTECTOR PROVIDES 
6-WAY COMPLETE PROTECTION 


Most conventional protectors used today may 
protect motors against up to four overheat 
conditions. KLIXON Type T Protectors safe- 
guard motors from all six conditions: 


1. 


2. 


Running overload with or without high 
ambient or ventilation blocked. 

Locked rotor normal voltage such as caused 
by mechanical failure of driven load. 


. Locked rotor caused by low voltage where 


decreased torque is insufficient to start 
load. 


. Locked rotor with main winding only in 


circuit resulting from open circuit start 
switch or open circuit in reversing switch. 


. Locked rotor with start winding only in 


circuit, such as that resulting from an open 
main winding circuit or open circuit in re- 
versing switch. 


. Running with both start and main windings 


in the circuit resulting from start switch 
failure in closed position or low voltage 
which prevents reaching switchover speed. 
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motor manufacturer ha 


Only New KLIXON Type T Protectors 
Completely Safeguard Your Motors 


With KLIxon Type T Protectors in induction motors you are assured of 
complete protection against all possible conditions that cause motor over- 
heating and burnouts. Here is how you benefit by using KLIXON-pro- 
tected motors... motors operate at safe maximum output without 
premature failure ... motor repairs, replacements and service are re- 
duced ...and most important, customer satisfaction and good will 
are retained. Be 100% safe ... protect your motor-driven equipment 
completely against motor burnouts... specify on your purchase 
orders — ‘‘These motors to have KLIXOn Type T Protectors.”’ 


Over 150,000,000 motors are protected against overheating and burning out 
with KLIXON PROTECTORS. 


METALS & CONTROLS 


3207 FOREST STREET, ATTLEBORO, MASS., U.S.A. 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 


Spencer Products: Klixon® Inherent Overheat Motor Protectors 
Motor Starting Relays + Thermostats + Precision Switches + Circuit Breakers 


Circle 500 on Page 19 





For a better front-driving axle, 
get this Timken-Detroit FDS-750 ge 
equipped with 


BLOOD BROTHERS Universal Joints Gi 
Here's another example of Blood Brothers’ engineering cooperation . . . acs 


to produce ever-better truck components, SINGLE AND DOUBLE JOINTS 
FOR POWER TAKE-OFF USE 


When this major axle source wanted an improved front-driving unit 
for a truck-building customer, their engineers and ours got together. 
The result shown above now provides users of famous brand trucks 


with substantially increased capacity on their front-driving axles. 


Greater strength, better performance and lower costs may result for 


your products too—through a cooperative effort with Blood Brothers. 


. , . CLOSE-COUPLED JOINTS 
Just write or call—we'll arrange to meet at your convenience. AND ASSEMBLIES 


For a quick review of our products, request Bulletin 557. 





ROCKWELL-STANDARD CORPORATION UNIVERSAL JOINTS 
ROCKWELL 5 i RIVE LINE 
Blood Brothers Universal Joints seach 
ASSEMBLIES 


STANDARD i01NT ALLEGAN, MICHIGAN 
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FASTER ASSEMBLY... 


LOWER EQUIPMENT and 
LABOR COSTS... 
Material has excellent bond strength ° 
and resistance to solder blistering, - AND corrosion F esistance, too, 
and is self-extinguishing. Taylor i 
Fibre Co., Norristown, Pa. E when required 
Circle 645 on Page 19 


clad grade is expected to find wide 
use in computer applications where 
a high degree of reliability is re- 
quired and reasonably low cost is 
desirable in the printed circuitry. 


Single and Double Pumps 


for use with 
fire-resistant fluids 





Series 800 Gerotor pumps are avail- 
able from stock in 3, 5, 8, and 12- 
gpm sizes in QDH-830 single 
pumps, in 20, 30, and 40-gpm sizes 
in OG-860 single pumps, and in 
any combination of 3, 5, 8, or 12- 
gpm sizes in QGH-H-830 double 


specify 
PEM WELD FASTENERS 


of steel or STAINLESS steel 


PEM Weld Fasteners are designed for Production. 


SHANK locates and protects threads against 
pumps. They are dimensionally 


interchangeable with regular Gero- 
tor oil-hydraulic units of compar- 
able capacities and also with other 


weld splatter . . . eliminates retapping. 
ENGINEERED PROJECTIONS prevent burnouts in 
thin sheets. 


oll-hydraulic units. Pumps are for SIMPLE ELECTRODES . . . no pilots required. 
use with fire-resistant fluids in ap- 


plications where fire hazards make ai ROUND COMPACT SHAPE . . . no indexing in 
use of hydraulic oils dangerous. assembly . . . fit on narrow flanges. 
Double A Products Co., Hydraulics . : 
, WRITE for Bulletin WN-1158 and sample for trial. 
Div., Brown & Sharpe Mfg. Co., - saa . 
Manchester, Mich. H 
Circle 646 on Page 19 : Penn Engineering & Manufacturing Corp. 


D town, P. lvani 
Instrument Collars oylestown, Pennsylvania 


have bores of 
0.187, 0.25, 0.312 in. 


Stainless-steel instrument collars in- : 2 we 


corporate an integral shoulder 0.01 
in. high and 1/16 in. larger in diam ; s nee 
imi New York (Belle Harbor, L. |.) Milwauk 
than bore. Shoulder eliminates need : path niiceg on Kansas City, Mo.—Grand 1-6314 
for spacers or extended inner-race ’ aN Cincinneti—Humbolt 1-4261 Birmingham—State 5-5761 
bearing to insure clearance of outer 4 Chicago (Forest Park, Ill.) Phoenix——Whitney 5-0680 
bearing race. Two flat-end stainless —Forest 6-4971 Dallas—Fleetwood 7-5713 
Indianapolis—Clifford 1-4020 Los Angeles—Bradshaw 2-8097 

socket setscrews mounted 90 deg “re 


i i i Detroit—University 3-5189 Miami—Tuxedo 8-4570 
apart enable firm grip without dan- 
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SELF CLOSING MAGNETIC 
DRAIN PLUGS 


Permit convenient, direct, 
visual inspection without 
oss of fluid, no special 
tools, no electric gadgets. 
Automatic valve closes A—FILLER CAPS B—BREATHER 
THREADED when magnetic plug is VENTS C—DRAIN PLUGS DP —OIL 
OR BAYONET removed. Matching drain SIGHT GLASSES — ALSO LUBRICATION 
lines available. JETS, DRAIN LINES, ETC. 


GEAR CASE LIQUID LEVEL 
FILLER CAPS SIGHT PLUGS 


Precision made of pres- Reflector assures visibility 
sure die cast aluminum even in dark areas. 
alloy. Short or long neck Shows median level in 
models. Snap closed. stay agitated fluids. Easily in- | 
closed. Snap open, stay stalled in tapped holes. 


oe BREATHER VENTS 


Designed with internal baffles against oil spillage and 
with effective metal filters. Conform to aircraft specifi- 
cations, 


Send for our complete catalog with working drawings of all sizes. 


TECHNICAL DEVELOPMENT COMPANY 
205 SOUTH CHESTER PIKE; GLENOLDEN, PA. 
Circle 503 on lina 19 


ANOTHER FIRST... 


Le ible 


A.C. TIMING MOTOR 


Thinner ... Quieter... 
More Reliable... More Versatile 








FN ernly 9/16 Inches Sh 
nly 9/ nches Short .. . Only 13%4 Inches 
in Diameter ... very compact - . . reduces SPECIFICATIONS 


the size of your equipment. Standard Voltage Ratings: 
WHISPER-QUIET . . . ma 
Strictly an electrical motor . . . practically 60 CPS Standard 


noiseless . . . no rattlin 25, 50 CPS Available 
attling of gears or ratchets. hear’ leak 4 


HIGH TORQUE... Maximum (60 CPS) 

Y% oz. inch at the rotor with an instantaneous BASIC MOTOR 

Start and stop . .. requires only 24 watts ... Weight: 4 ounces 

can replace larger motors in recorders, con- Speed: 300 RPM 

trols and telemetering equipment. ets = pA st 
HIGHEST RELIABILITY... WITH INTEGRAL GEAR TRAIN 

Longer life . .. no one-way gears or ratchets Weight: 5 ounc 

to fail . . . provides millions of operations speeds 300 RPM to 1/6 RPH 
without any trouble. Long: % aa — 

Send for Special Illustrated 
Bulle tin AWH MO-806 


“A. W-HAYDON Company’ Mf with 
249 NORTH ELM STREET “ie GEAR TRAIN 
WATERBURY 20, CONNECTICUT 4 


Custom Design & Manufacture Of Electronic 
And Electro-Mechanical Timing Devices 


© 1959 
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ger of burring shaft. Collars are 
provided with bores of 0.187, 0.25, 
and 0.312 in. They can also be used 
in place of bulkier, conventional 
split clamps to hold split-hub gears. 
Gap Instrument Corp., 116 E. Mer- 


rick Rd., Freeport, L. I., N. Y. D 
Circle 647 on Page 19 
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Valves and Fittings 


O-ring types eliminate leaks 
at pressures to 5000 psi 


Available in sizes from !/, to 2 in., 
line of O-Seal valves and fittings 
includes globe, angle, and relief 
valves, check valves, nuts, tailpieces, 
threaded pieces, adapters, plugs, and 
reducing inserts. All are designed 
for pressures of 5000 psi or more, 
and for temperatures from —20 to 
275 F. Positive sealing is assured 
under all conditions by an O-ring 
inserted in tailpiece. Even when 
hand-tightened, fittings withstand 
pressures to 5000 psi without leak- 
age. High torquing of nuts is not 
required. Easily installed or re- 
moved, O-ring units permit rapid 


replacement or relocation of any 
valve or portion of piping without 
springing or cutting line. Com- 
bination Pump Valve Co., Dept. 
505, 851 Preston St., Philadelphia 
4, Pa. E 

Circle 648 on Page 19 


Damped Servo Motors 


have maximum operating 
temperature of 200 C 


Line of 115-v, 400-cycle inertia and 
velocity-damped servo motors is 
available in sizes 11, 15, and 18. 
Size 11 unit characteristics include: 


MAcHINE DEsIGN 
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0.63 oz-in. torque at stall; 1.3 gm- 
cm? rotor inertia; 34,200 rad/sec? 
acceleration at stall. Size 15 char- 
acteristics include 1.5 oz-in. torque 
at stall, 2 gm-cm? rotor inertia, and 
53,000 rad/sec? acceleration at 
stall. Characteristics of Size 18 in- 
clude 2.35 oz-in. torque at stall, 
4.5 gm-cm? rotor inertia, and 37,- 
000 rad/sec? acceleration at stall. 
All models have passivated stainless- 
steel housings, are corrosion resist- 
ant, and have high-temperature 
laminations and encapsulated wind- 
ings. Maximum unit operating 
temperature is 200 C for all mod- 
els. Helipot Div., Beckman In- 
struments Inc., 2500 Fullerton Rd., 
Fullerton, Calif. L 
Circle 649 on Page 19 


Small Air Filters 


dry-type units have 
many applications 


Dry-type air filters are for use on 
hydraulic breathers and all types 
of small air-cooled engines and air 
compressors. Two models with re- 
placeable paper elements, designat- 
ed AF-300 series, are adaptable for 
a wide variety of applications. 
Measuring approximately 3 x 4% 
in., filter accommodates flows up to 
15 cu ft of air per minute and re- 
moves contaminants as small as 10 
mu from air stream. Fibrous wrap 
around ID of paper element pre- 
vents oil blowback from saturating 
filter medium, increasing life of 
filtering element. Units have either 
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LONG LIFE, THOMSON ‘“Snap-ln’ 
w= 
yi Bitar 


Ll 
of smooth, tough DuPont NYLON 
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Low Cost Low Cost Low Cost 
FLANGED Nyliner SLEEVE Nyliner DOUBLE-FLANGE Nyliner 


BETTER BEARINGS THAT... © ® 





COST LESS to BUY 
COST LESS to INSTALL 
¢ ELIMINATE LUBRICATION 


~ Additional Benefits: 


@ CLOSE FIT @ LOW FRICTION @ INSTANTLY REPLACEABLE 
© LONGER LIFE @ RESIST POUNDOUT © RESIST ABRASION 

@ EASILY INSTALLED © NO FRICTION OXIDATION © MINIMUM SPACE 

© LESS SERVICING @ DAMP VIBRATION © SILENT OPERATION 

@ SELF-RETAINING @ OPERATE IN LIQUIDS © LIGHTEST WEIGHT 

© RESIST CORROSION © NON-CONTAMINATING © REDUCED WEAR 


Engineered to Solve Problems . . . Improve Products ... 


Reduce Costs! 
edauce Losis é 


NYLINER Bearings are a highly engineered thin liner of DuPont Nylon designed 
to bring bearing users the many benefits of Nylon'as a bearing material by solv- 
ing most of the limitations surrounding its use. The compensation gap prin- 


ciple assures maintenance of diamétral toler@nces for precision applications 


Seven Standard Types available from stock. Write for literature and name of 
your local representative who stocks NYLINER Bearings for immediate shiprhent 


*In production quantities at new, REDUCED PRICES 


*\\. THOMSON INDUSTRIES, Inc. 


\ 
OQ” 





y 


—Manufacturers of BALL BUSHINGS ... the Ball Bearing for Linear 


Also— \ 
Motions and 60 CASE... Hardened & Ground Steel Shafting 


PR kes performance guesswork 
out of power transmission design 


With these performance-proved units, you can save time and money in designing and 
building clutches and brakes exactly tailored to the requirements of your application. 
At the same time, you can be sure that they will equal the performance and smooth 
operation of proved MAXITORQ clutches and brakes. DISC-PACS are simply the 
“heart” of a clutch or brake . . . the discs, separator springs, and locking plate... 
supplied as a complete self-contained unit for the convenience of design engineers 
and equipment builders, 


Produced in a full range of sizes and capacities from % h.p. to 15 h.p. Bulletins 
available on other MAXITORQ products: Floating Disc clutches and brakes, Electric 
clutches, Overload Release clutches, low-cost Single Disc clutches, and clutch or 
brake friction discs. Write Dept. MD-7. 


THE CARLYLE JOHNSON MACHINE CO. 


g. . i. Manchester, Connecticut 
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lY,-in. straight throat or !/, in.-14 
NPT external thread. Purolator 
Products Inc., 970 New Brunswick 
Ave., Rahway, N. J. D 

Circle 650 on Page 19 


Socket Cap Screws 


are cold forged 
to new ASA standards 


Cold-forged, socket-head cap screws 
have a larger head and bigger hex 
wrench pad than previous standard 


types. Manufactured to new ASA 
standards, screws have greater tight- 
ening torques. without rupture of 
head, higher loads without indent- 
ing material, and long life. Set 
Screw & Mfg. Co., Bartlett, Ill. I 

Circle 651 on Page 19 


Vane Pump 


for speeds to 2000 rpm 
and pressures to 2000 psi 


Three models of Series 45 vane 
pump deliver 52, 63, and 75 gpm 
at 2000 rpm and 2000 psi. Delivery 
at 1200 rpm, 100 psi, is 34, 41, and 
48 gpm respectively. Pump hous- 
ing accommodates any of three 
pumping cartridges, which permits 
easy change of delivery rate. All 
wearing parts of pump are incor- 
porated in replaceable cartridge. 
Pump overhaul, accomplished by 
replacing cartridge, can be done 
quickly without removing pump 
from mounting. Other features in- 
clude high over-all efficiency, long 
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How far casiatere 
can an engineer go 





at AC? 























: Free education for the space age 


Three levels of special advanced training that can help 

you prepare for promotion and enhance your professional 

status. That’s what you'll find when you go to work in EXPERIENCED 
AC’s instrumentation business. ENGINEERS 


Program A—for recent graduate engineers—gives 
you a solid foundation in the theory and application of 
inertial guidance systems and servomechanisms, 





Program B—for experienced engineers—consists of 
upgrading studies in inertial guidance, servomechanisms, 
environmental problems, engineering math and physics, 
plus advanced state-of-the-art courses. 














Program C—for all engineering supervisors—involves 
management training developed by a team of AC 
executives and University of Chicago industrial rela- 
tions experts. 








Comparison will prove these are the finest “in house” 
programs available anywhere. And they are edu- 
cational “extras,” for AC offers them in addition to their 
educational assistance programs for men who wish to 
study for advanced degrees in nearby universities. 


You may be eligible for training ... ENGINEERING 


if you are a graduate engineer in the electronics, elec- SUPERVISORS 
trical or mechanical fields, or if you have an advanced 
degree in mathematics or physics. You'll study while 
you work on the renowned AChiever inertial guidance 
system or a wide variety of other electromechanical, 





optical and infra-red devices. 
For more information, write the Directo: of Scientific and 








Professional Employment: Mr. Robert Allen, Oak Creek 
Plant, Dept. C, Box 746, South Milwaukee, Wisconsin. 





SPARK PLUG #% THE ELECTRONICS DIVISION OF GENERAL MOTORS 


INERTIAL GUIDANCE SYSTEMS ¢ AFTERBURNER FUEL CONTROLS * BOMBING NAVIGATIONAL 
COMPUTERS ¢ GUN-BOMB-ROCKET SIGHTS + GYRO-ACCELEROMETERS * GYROSCOPES 
SPEED SENSITIVE SWITCHES * SPEED SENSORS * TORQUEMETERS * VIBACALL * SKYPHONE 
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< fe 4 common shaft sealing conditions 


Logpo00*% 








...and engineering tips that can help 
you “design-in” better oil seal performance 


CONVENTIONAL INSTALLATION 


Here a standard-design single lip seal retains lubri- 
cant and excludes normal dirt, dust and moisture. eat 
Sealing lip points in since seal’s principal job is re- ; EY Th 
taining oil or grease around bearing. Note that shaft Ui Al : 3 
is stepped and chamfered at ‘‘A”’ to prevent damage > — RRS 
to sealing lip during installation. At ‘‘B’’, bore is x 
chamfered to facilitate seal entry. At ‘‘C’’, counter- 
boring insures accurate positioning of the seal. 








HEAVY DIRT CONDITIONS 


Here is a commonly used method of protecting the 
seal and increasing seal life on applications sub- 
jected to extreme dirt conditions. The guard baffle 
at ‘‘A’”’ is welded or swaged to the wheel hub to 
exclude the major portion of dirt and dust. The 
drain hole at ‘‘B’’ relieves pressure at the sealing 
point. In addition to the guard baffle, many manu- 
facturers employ a dual-lip seal to insure bearing 
protection under extreme dirt conditions. 





SEALING LONG, HEAVY SHAFT 


Many cases of so-called ‘‘seal failure’’ are due 
solely to poor installation techniques. While today’s 
seals are rugged, they can be rendered non-serv- 
iceable if distorted out of round, cocked in the bore, 
or if the sealing lip is torn. To protect the seal against 
such physical damage during installation involving 
a long shaft, a seal protector as shown at ‘‘A’’ may 
be mounted on the hub O.D. 
































INSUFFICIENT DEPTH TO MOUNT SEAL 


Where the housing does not provide sufficient depth 
for counterboring, or where seal installation would 
be difficult or likely to damage the seal, a separate 
mounting member (‘‘A’’) can be employed. As be- 
fore, the shaft should be chamfered to prevent 
damage to the sealing lip during installation. 























NATIONAL SEAL 

Division, Federal-Mogul-Bower Bearings, Inc. 

General Offices: Redwood City, California 

Plants: Redwood City and Downey, California 

Van Wert, Ohio 6207 
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service life, and four-position cover. 
Vickers Inc., Div., Sperry-Rand 
Corp., Detroit 32, Mich. H 

Circle 652 on Page 19 


Small Plastic Parts 


are injection molded —_— — 
of Delrin acetal resin STANDARDS... 


Pe cae) 


} 
| 


Mrecision \~ ¢ 


Tiny plastic parts of Delrin acetal 
resin are available for use in many 
applications. Parts shown include 
a coupling, pawl, bobbin jacket, cam 
gear, and lock nut. Material has 
excellent creep resistance, high 
strength and stiffness, low perme- 
ability, and resistance to solvents a 
and corzvosion. Gries Reproducer a : 
Corp., 125 Beechwood Ave., New OR MINIATURES 
Rochelle, N. Y. 3 oe . 
Circle 653 on Page 19 


hie Pomp Any time is the right time 


produces oilfree 
compressed air 





Single-piston air pump, Model 04- 


to specify 
301, is a precision, multiple-pur- 


pose unit designed for the produc- As the leading producer of precision turned nuts, Fischer 
tion of oilfree compressed air. Use can meet or exceed every requirement for quality, deliv- 
of Graphitar and Teflon piston | ery and price. Fischer’s high-speed automatic machines 
rings has eliminated need for cyl- generate extremely accurate nuts with mass-production 
inder lubrication, and prelubrica- | savings. To assure dependable “on schedule” deliveries, 
tion of bearings and other moving Fischer uses an I.B.M. system to co-ordinate all orders, pro- 
parts assures troublefree operation. | duction scheduling, inventory stocks and shipping dates. 
Pump is a compact and lightweight | 
unit for continuous or intermittent : 
operation with practically no main- from Fischer. 
besanyests- Capacity of Allee at 90 there’s no premium for precision at 
psig is 127 cu in. per min. Pump 


is available with a \4-hp, 400-cycle ££ ‘ 
eral i ath Aan Proche’ SPECIAL MFG. CO. 


That’s why you always get better service ... faster... 


451 MORGAN ST. CINCINNATI 6, OHIO 


FISCHER SPECIAL MFG. CO. 
451 MORGAN ST., CINCINNATI 6, OHIO 
Please send your 


20-page CATALOG Nome 
FS-1000 on brass Company. 
and aluminum nuts. Street. 
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From 26 STANDARD MODELS- 
812 MODIFIED STYLES FOR 
DESIGN FLEXIBILITY! 





e 
Rotac units illustrated are standard 
Model HN (at right), Model RN (top 
7 ~ left); bottom, special Rotac actuator 
delivers 1,400,000, in /\bs. torque at 
1,000 psi 
oO ora ond a ompa DC ae ele ° ° : pe 
é 
opae o . aro . onaarca oaditicatic % ae 
oraue oad *hZ- f , -_ Me, Bs, ef 
on a 
° “ne ee, r 
ROTA f arque rating 0 00 to over 200,000 oy , 
A 
J * . 5 


HOW CAN YOU USE ROTAC? 


” EX.Cl ° O CISIO XLO) 
Rotac Actuators simplify design, production and maintenance in such 
industries as foundry and heavy machinery, precision machine tools, 
automated production equipment, marine, mobile and materials handling, 


paper, printing and plating. Here are some typical uses: / 
Continuous rotation ¢ Lift—lower e Oscillate © Index—position ¢ Screw ODRPORLZ 5 
clamp ¢ Toggle—cam pushing @ Load-unload ¢ Transfer @ Press @ Inter- 

mittent feed @ Turnover e Constant tension ¢ Conveyor turn or stop t ’ 4 


FREE DESIGN DATA BOOK—20 pages on how Rotac works, torque 
ratings, control, dimensions, installation, typical applications and special 00 GRIND 





uses. See your Rotac Representative or write direct. 


























a NEW PARTS AND MATERIALS 


motor, either single phase at IS v | * Are YOU Interested 


or three phase at 200 v. Applied | } 
Dynamics Corp., 32 N. Main St., | in 
Natick, Mass. B 


Circle 654 on Page 19 REDUCING 
Drive Unit a 
provides intermittent motion ne s M A | N T J Ni A N C J 
from constant rotary power 9 
IDU drive unit features highly flex- ‘ CO ST = 


ible manual, mechanical, or clec- 
trical control, permitting demand- 


type operations in fixed or variable “a : : , : ‘ 
cycles. All components are totally . ¢ Time and time again, Plant Mainte- 





enclosed in an oil-bath housing. y nance Men report greater savings in 
longer life, less maintenance cost, 
faster service and expert engineering 

advice by standardizing on 


ACME ROLLER CHAINS 
and ACCESSORIES 


Unit can be installed easily, need- | - 
ing only electrical connection. Hil- ACME 2 
liard Corp., West Fourth Street, El- offers: 


mira, N. Y. N : Quality equal to A.S.A. standards 
Circle 655 on Page 19 ; 
Competitively priced merchandise 


Locking Fasteners Helpful engineering service 


provide excellent Immediate delivery from stock 
locking performance 


Flanged high-tension locking fasten- 3 ‘ , , : 
ers, known as Tensilock locking Specify Acme Chain and accessories 
screws and nuts, provide superior when ordering from your local In- 


locking performance and eliminate ; Sea" * 
need for washers in assembly of dustrial Distributor. Start reducing 


metal products. One-piece fasten- ; your maintenance cost and getting 
ers lock with both ratchetlike teeth 


and high thread tension. Carburized faster service today. 
teeth on flanges of screw and nut ’ 

are angled on advancing side to al- : brie gaa im 

low low-friction tightening, but are : "ey these min wird 

vertical on back side to prevent - Dept. 6-X 

loosening. Units require nearly 150 al 

per cent of application torque to 

loosen. High tension-to-torque ra- 


Call ACME 


for Service nerveni 


MASSACHUSETTS 
COMPLETE LINE OF ROLLER CHAINS AND SPROCKETS * DOUBLE PITCH CON- 


VEYOR CHAINS ¢ STAINLESS STEEL CHAINS * CABLE CHAINS ¢ FLEXIBLE 
COUPLINGS * STANDARD AND SPECIAL ATTACHMENTS 
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How to LOCK-UNLOCK-RELOCK 
the same screw in Steel without 
Lock Wiring or Lock Nuts 


The Heli-Coil” Screw-Lock Insert* ¢ is the 
only insert made of wire which has an exclusive 
resilient internal locking feature that permits 


repeated assembly and disassembly of the same 


screw WS This patented insert insures mini- 


mum screw wear and maximum locking torque 
value —it meets military specs for locking torque 


and vibration through 550°. 

Made of stainless steel wire, Cc 
Screw-Lock Insert protects tapped threads per- 
manently and is not affected by acids, solvents 
or high temperatures c¢ You can eliminate 
lock nuts, lock wiring and other clumsy external 
c€ The locking coil will never 


= 


relax its grip even in tough metals such as mee- 


locking devices , 


hanite, stellite, titanium, etc. The insert can be 
used in blind or through-holes and its frictionless 
stainless steel finish will not gall or seize — even 
under the most adverse conditions NS Find 
out about Heli-Coil Screw-Lock Inserts and get 


your free copy of the new data guide to drilling 


c Mail the coupon today. 


S 


and tapping in steel 


An \\\) 
nih 
® 


HELI-COIL CORPORATION, 507 Shelter Rock Lane, Danbury, Connecticut 


Please send my free copy of the new Heli-Coil DATA GUIDE TO DRILLING 
AND TAPPING IN STEEL, and information on Heli-Coil Screw-Lock Inserts. 


\\ 


* Patented 


HELI-COIL CORPORATION 


DANBURY, CONNECTICUT 





NAME im TITLE 

FIRM. 

ADDRESS 

CITY ZONE STATE 








@ 1810 
IN CANADA: W. R. WATKINS CoO., Ltd., 41 Kipling Ave., S., Toronto 18, Ont. 
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tio permits full preloading of fas- 
teners to prevent slippage of fas- 
tened members. Prelubricated 
screws and nuts have tensile 
strength of 125,000 psi. Fasteners 
are available in sizes from No. 6 to 
4g in. Screws are available in any 
length from twice diameter up and 
in a wide range of sizes and styles, 
except flat head. Russell, Burdsall 
& Ward Bolt & Nut Co., 103 Mid- 
land Ave., Port Chester, N.Y. D 

Circle 656 on Page 19 


Ball-Cam Valve 


is inexpensive, 
two-way unit 


Measuring 25% x 1 x | in., two 
way ball-cam valve has full '% and 
14-in. orifices (0-200 psi). Cor- 
rosionproof valve has a single poppet 
element operated by a_ stainless- 
steel ball cam. All other exposed 


ee | ” 
¢5 ——____, 


parts are anodized aluminum. Unit 
can be mounted in any position by 
means of two mounting holes. Air- 
matic Valve Inc., 7317 Associate 
Ave., Cleveland 9, Ohio. G 

Circle 657 on Page 19 


Magnetic Clutch 


provides high 
output torque 


Type C-18 magnetic clutch offers 
as much as 400 per cent increase in 
output torque over clutches of com 
parable size. For friction-face mod 
els, minimum output torque is 80 
o7-in. at 24 to 28 v de. Breakaway 
torque is 0.15 oz-in. energized and 
0.05 oz-in. de-energized. Maximum 
weight is 13.5 oz. Clutch meets 
Mil-E-5272B environmental qualifi 
cations tests for vibration, fungus, 
shock, humidity, temperature, salt 
spray, sand, and dust. Specifica 
tions include zero backlash and zero 
to 0.0003 in. end play, maximum. 
With maximum recommended speed 
of 5000 rpm, engagement time is 4 
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millisec. Power consumption is 3.5 
w. Special requirements can be met 
with respect to shafts, gears, tem- 
perature range, voltages, and torque. 
Guidance Controls Corp., 110 Duf- 
fy Ave., Hicksville, L. 1, N.Y. D 

Circle 658 on Page 19 


Gear Lubricant 


has good 
load-carrying ability 


Heavy-duty gear lubricant, Type 
223X, is available in SAE 90 and 
140 grades. It provides satisfactory 
lubrication where gear cases are op- 
erating at excessive frictional tem- 
peratures, where there is unsatisfac- 
tory wear life, and where gears are 
loaded beyond recommendations. 
Lubricant has good load-carrying 
ability through entire range from 
lowest to highest sliding velocities, 
and it is most effective in reducing 
wear. It has viscosity index of 100, 
flash point of 390F, fire point of 
420 F. Specific weight is 7.4 lb per 
gal, and it has a pour point at 0 F. 
Lubricant contains a foam depres- 
sant, and is corrosion and oxidation 
inhibited. _Alpha-Molykote Corp., 
65 Harvard Ave., Stamford, 
Conn. B 

Circle 659 on Page 19 


Sampling Switch 


makes more than 
3600 closures per sec 


Noiseless, wiperless sequential sam- 
pling switch can be used with ther- 
mocouples, strain gages, light-sensi- 


9 


Design 
Uniform lift 
into equipment 
with 
DUFF-NORTON 
WORM GEAR 
JACKS 


Many designers find a ready answer 
to precise control of linear motion in 
machinery or equipment with built- 
in Duff-Norton Worm Gear Jacks. 


They are used singly, in tandem 
and in multiple jacking arrangements 
to position loads weighing from a few 
hundred pounds to as much as sev- 
eral hundred tons. 

When connected in tandem or 
groups of four, six or more, these 
jacks always raise or lower in exact 
unison regardless of load distribu- 
tion. They are also used for applica- 
tion of pressure, to push or pull and 
as linear actuators. 

Duff-Norton Worm Gear Jacks are 
self-locking and will hold heavy loads 
in position indefinitely without any 
creep. Since there is no fluid or air 
to leak, the action is always positive 


























and maintenance is no problem. 

These jacks are available in eight 
standard models with capacities 
ranging from 2 to 100 tons and with 
standard raises from 6 to 24 inches. 
Special raises can also be furnished. 

To learn more about how Duff- 
Norton Worm Gear Jacks may be 
used in your equipment, send for the 
bulletin which shows engineering 
drawings of jacks, Duff-Norton 
Mitre Gear Boxes and typical appli- 
cations. Ask for AD-66v. 


DUFF-NORTON COMPANY 


P.O. Box 1889 « Pittsburgh 30, Pennsylvania 
COFFING HOIST DIVISION - Danville, Illinois 


DUFF-NORTON JACKS 


Ratchet « Screw 
Hydraulic « Worm Gear 


QUFF-NORTON 


COFFING HOISTS 


Ratchet Lever « Air 
Hand Chain « Electric 
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ELECTROLIZED CHAIN 


BRONZE ROLLER 
CHAIN 


IF YOU WANT TO 
MOVE IT EFFICIENTLY... | 


ATLAS HAS THE 
CHAIN FOR THE JOB 


There's Atlas Stainless Steel Flat-Veyor that 
conveys bottles and products of all types 
smoother, is corrosion free and longer lasting. 
Just one of the many Atlas Chains to do the 
right job in moving products or transmitting 
power. 

All Atlas Chains are unsurpassed in quality 
. .. pre-tested to give better service. Atlas 
Chains are made in all sizes . . . in steel, 
stainless steel, bronze and Electrolized finish. 

For complete details and technical assistance 
on your chain design, conveying or power 
transmission problems there's an Atlas Engineer 
to help you. Get in touch with your local Atlas 
Distributor or write direct for details and 
catalog to Atlas Chain & Manufacturing 
Company, West Pittston, Pa. 


ROLLER CHAIN on SPROCKETS 


SUBSIDIARY 


OF PRUDENTIAL INDUSTRIES INC. 
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tive devices, and similar low-level, 
high-impedance elements employed 
in computers, telemetering, and 
complex process control systems. 
Sampling speeds are available up 
to 40 revolutions per second. Roto- 
Jet is capable of making more than 
3600 closures per second, and is ac- 
tuated by a rotating jet of air. Sig- 
nals of 1, 2, and 3 mv can be trans- 
mitted completely free from noise 
without amplification or filtering of 
any kind. Up to 45 contact pairs, 
made of palladium, platinum, gold, 
silver, and copper alloy, are con- 
structed in modules and positioned 
inside a cylindrical enclosure. Con- 
tact is made and broken by rotating 
jet of air directed at high speed to 
ward module pairs. Switch can be 
mounted in any position. Electric 
Regulator Corp., Pearl Street, Nor- 
walk, Conn. B 

Circle 660 on Page 19 


Silicon Controlled Rectifier 


for uses requiring blocking 
voltages to 200 v 





Three-junction silicon controlled 
rectifier combines some characteris- 
tics of rectifier and power transistor. 
It is available for applications re- 
quiring blocking voltages to 200 v 
and load currents to 10 amp. Unit 
is capable of switching rapidly to a 
conducting state either when a sig- 
nal is applied to third terminal o: 
when critical forward breakover 
voltage is exceeded. After it has 
fired, controlled rectifier exhibits low 
forward voltage drop of a single- 
junction rectifier. Device provides 
very rapid firing and recovery times. 
operation to 100 C, and elimination 
of filament, filament transformer. 
warmup delay. and standby powcr 
comsumption. Series XIORC 2 
through XIORC 20 is rated for av- 
erage currents to 10 amp and is 
available with peak inverse voltage 
ratings of 20, 30, 50, 70, 100, 150. 
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and 200 v. International Rectifier 
Corp., 1521 E. Grand Ave., El Se- 
gundo, Calif. L 

Circle 661 on Page 19 


Speed Reducer 


has cooling fins and 
powered cooling fan 


P-series Hi-Line speed reducer is 
of right-angle, vertical style, employ- 
ing a worm and gear reduction. It 
features cooling fins plus a powered 
cooling fan to provide up to 80 per 
cent greater load capacity than com- 
parable nonventilated models. Re- 
ducer is available with low base, 
high base (shown), or with no 
base. Sizes range from 1.33 to 5.25 
in. center distance with wide vari- 
ety of standard reductions ranging 
from 1:1 to 60:1. Reducer features 
heavy-capacity antifriction bearings, 
short center distance between worm 
and gear, and improved heat-dissi- 
pation characteristics. Ohio Gear 
Co., 1333 E. 179th St., Cleveland, 
Ohio. F 

Circle 662 on Page 19 


Swivel Connector 


delivers hydraulic fluid 
at any angle 


New 90-deg swivel connector for 
industrial use delivers hydraulic 
fluid at any angle under adequate 
pressure, eliminating hose failure 
due to extreme flexing. Connector 
absorbs part of the swing so that 
less hose allowance is needed for 
complete extension of moving part. 
Stiffer, longer - lasting, multiple- 
spiral wire hose can be employed 
because connector takes up part of 
flexing action. Low torque opera- 
tion and freedom from friction is 
assured at pressures up to 5000 psi. 
Fluid pressure is absorbed equally 
by a double seal at each end of 
stem. Various combinations of 
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The heat treatment specifications 
for every Mac-it alloy steel screw 
are determined by its dimensions 
as well as its intended use. 


At Mac-it, large and small di- 
ameters are not run through the 
heat treating processes indiscrimi- 
nately. Instead, our metallurgists 
establish a heat treating cycle for 
each type and size. This assures 
that every screw has the proper 


Dimensionally Controlled 
Heat Treatment 


gives Mac-it screws 
more durability 


combination of strength, tough- 
ness, ductility and resistance to 
vibration and shock. 


Dimensionally controlled heat 
treatment is just one illustration 
of the care which is taken in every 
step in the manufacture of Mac-it 
screws. That’s why Mac-its hold 
tight in a tight place. 


Buy by name from your 
distributor—buy Mac-it 


NEW SPECIFICATION SHEET listing new 1960 Series 
Socket Screw Industry Dimension Standards. 
Write for your free copy. 


Mac-it Parts Co., Dept. 21, Lancaster, Pa. 


MAC-IT ALLOY STEEL SCREWS 
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CUTS TI NY BUSHING stems can be interchanged with any 


body style. Ends available include 


$ male pipe, hydraulic male, O-ring 
male, solid and swivel female, in 
s sizes from 14% through 11% in. East- 


Die cast by GRC in zine alloy in a single automatic operation, ( ‘0 j j 
this former screw machine part for a ball point pen, now man Mfg. 9 Manitowoc, Wis. K 


costs little more than $2.90 per thousand in lots of a million. Circle 663 on Page 19 
Each bushing is unifor: clean and accurate—no cut-off 

marks, no burrs, no secundary trimming and no scrap loss. 

Typical of the production economies and wide design latitude 


which GRC’s exclusive patented methods have made possible Timing Belt Drive 


on parts ‘‘no bigger than your thumbnail.’’ (Maximum size 
is 1%” long, % oz.; no size too small). 
Simple or complex, let GRC’s unique techniques go to makes possible speeds 
work for you... on tiny die cast and plastic molded 
parts made to order . . . on their wide variety of to over 16,000 fpm 
standard parts available in stock—die cast wing 
and round head thumb nuts and screws, 4 Sa . e 
cap nuts, molded nylon screws, gears and pinions— Highly versatile in application, load 


you'll be glad you did. “ 

® range, and speed range, Time-Tex 
Write, wire, phone TODAY for oe : . 

bulletins, spec sheets and prices. ‘ timing belt drive 1S . constructed 

a Send prints or specs for quotation. [Z | with steel cable cords imbedded in 

RIES REPRODUCER CORP. neoprene fully molded with nylon- 

World’s Foremost Producer oj Smail Die Castings base fabric. Drive is suitable for a 

32 Second St., New Rochelle, N. Y. ° NEw Rochelle 3-8600 wide range of load applications, 

Circle 515 on Page 19 from subfractional to 600 hp with 

a wide torque load range. Drive 


BRIGGS OFFERS YOU, FREE, A makes possible speeds to over 16,000 
12 PAGE MANUAL ON HYDRAULIC | fpm. Small pulleys, short centers, 


narrow belts, and high capacities 


FLUID CIRCUITS AND HYDRAULIC | combine to rayne space et 
ments. Chatter, vibration, and fric- 

OIL FILTRATION | tion are eliminated. Drives are 
available in 1/5, 34, Yo, %, and 

HERE is a big 8%" x 11”, file size, 12 vnpAin it 11/,-in. pitches. Allis-Chalmers Mfg. 
page, fully illustrated booklet. It’s brim- - ; aren Be ” i Co., Milwaukee 1, Wis. K 
Circle 664 on Page 19 








ful of technical data and drawings that 

every designer and engineer will want | 

to read or keep for raady reference. —— os | Structural Rib Bolt 

Write for your copy. No obligation. - is meets ASTM 
A-325 specifications 


High-tensile, structural bolt with 
interrupted ribs is heat-treated, 


Oil FILTERS | high-carbon steel and meets ASTM 
A-325 specifications. It does not 


MAIL COUPON NOW have to be torqued. Bolt eliminates 


THE BRIGGS FILTRATION COMPANY 
DEPT. 305—.WASHINGTON 16, D. C. 


AT NO COST or obligation, send me the above booklet. 
F Name .. 
Ca Company 


Address 


Lemme ewe eee ee eee eee eee eee eee aanasasaenanasasesenasaane 
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steel plates riding on bolt threads, 
and is easy to drive or pull through 
plates. It is for use wherever high- 
strength bolting is required in 
punched or drilled holes. Automatic 
Nut Co., Willow Street, Lebanon, 
Pa. E 
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Miniature Relay 


incorporates 
all-welded construction 


Four - pole, double - throw micro- | 


miniature relay is assembled by an 


inert arc-welding process which | 
hermetically seals header to can. | 
Use of the welded construction | 
eliminates contact contamination | 


due to solder flux. Weighing about 
1 oz, relay is rated 2 amp at 26.5 
v de or 115 v ac. For application 
in a variety of equipment, relay is 


suited for high-temperature instal- 
lations. It is rated from 160 C con- 
tinuous ambient down to —65C. 
Relay can be mounted directly on 
printed-circuit board or on a chas- 
sis. Operate and release times are 
6 and 4 millisec respectively, includ- 
ing bounce, and pickup power is 
400 mw. Relay withstands vibra- 
tion to 200 cps at 30 g and shock at 
50 g for 11 millisec. General Elec- 


tric Co., Schenectady 5, N. Y. C 
Circle 666 on Page 19 


Small Fan 


has diameter of 
only 1'/ in. 


New fan is designed for airborne 
applications where size and weight 
must be held to a minimum, where 
reliability is critical, and where high 
heat loads must be dissipated with 
cooling air. Aximax | is 1'/% in. 
in diam by 11/ in. long, and weighs 
4 oz. Constant 22,500 rpm design 
delivers 23 cfm free delivery or 19 
cfm at l-in. static pressure. Avail- 
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Now! A higher reliability factor in printed circuits 


ALTORI 


a new and distinctively different 
finish on TAYLOR copper-clad 
laminates that accepts all 

acid resists uniformly 


Something new and distinctively different has been 
added to TAYLOR copper-clad laminates —a finish 
that accepts all types of acid resists uniformly. High 
fidelity in printed circuit reproduction is assured. 
Circuits can be of consistently higher quality and reli- 
ability, no matter how critical the design. For com- 
plete details about TAYLOR copper-clad laminates and 
samples, write TAYLOR FIBRE Co., Norristown 47, Pa. 


LAMINATED PLASTICS f 


VULCANIZED FIBRE 
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We Specialize in Solving Puzzling Set Screw Problems 


194 


now! get 
this NEW 


problem-solving 
money-saving 


Setko Catalog 23, 





@ includes new self-locking set 
screw selector chart. 

@ Latest styles of socket screws 
including: button heads, flat 
heads, shoulder screws, 
dowel pins. 

@ Complete information on cost- 
cutting Setko hopper feed 
method of inserting set screws. 

Lists all standard set screw and 

socket screw products... plus 

many special types designed for 
unusual conditions of vibration; 
close precision setting; resistance 
to tampering, etc. Describes many 
specific ways in which Setko Set 
and Socket Screw products cut 
costs, improve product quality. 


“operation re-analyze 
for cost reduction’’ 


A new Free Setko service de- 
signed to help you cut costs — 
speed up production — increase 
quality... Setko Engineers have 
helped many Companies save 
thousands of dollars through 
planned re-analysis of their 
socket, slotted and slabbed set 
screws as well as socket cap screw 
needs. Write today for full in- 
formation... Ask about “Oper- 
ation Re-Analyze.” 


send for FREE 
catalog 23 
ee 


today! 
& D4tg. Co. 
28 MAIN STREET 
BARTLETT 
ILLINOIS 
Sueure oF 
cwricaeo 
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able motor designs include 115 or 
200 v ac, | or 3 phase, 400 cps for 
either pressurized or nonpressurized 
applications and for sine or square 
wave. Electrical connection is made 
to a compact terminal block. Mount- 
ing is accomplished through provi- 
sion of clamping rims at each end 
of barrel. Direction of air flow is 
reversed easily by turning fan over 
and remounting, using opposite rim. 
Rotron Mfg. Co., Woodstock, 
N. Y. D 
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Socket Screws 


miniature units resist 
shock and vibration 


Miniature button-head socket screws 
in Dyna-Mite line are available 
with either standard hex or spline 
sockets in alloy or stainless steel. 
They are recommended for resist- 


Po MF 
/N 


ance to shock and vibration. Screws 
are available in sizes No. 0 through 
No. 3. Bristol Co., Waterbury 20, 
Conn. B 
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Wire-Wound Resistor 


costs less than 
carbon unit 


wire-wound resistor is 
available in +5, 10, and 20 per 
cent tolerances. It costs from 5 to 
27 per cent less than carbon resis- 
tors, depending on quantity, toler- 
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when you 
design for 


MOLDED 
FIBER 
GLASS 





... because 


MOLDED FIBER GLASS 
can be molded to 
almost any size or shape 


Products designed especially 
for MOLDED FIBER GLASS 
can incorporate your favorite 
ideas . . . unusual, modern, 
streamlined designs 

and still cost less. Because 
MOLDED FIBER GLASS can be 
molded into complex, deep- 
draw, one-piece shapes... 
large or small... easily and 
economically, 

In addition, MOLDED FIBER 
GLASS is strong, lightweight, 
corrosion-resistant, impact re- 
sistant, dielectric, beautiful. 
It makes products better. 


Write today for 
free engineering handbook. 


Molded | um, 
Fiber @MeE:.. | 
Glass Qa Frese 


Company | 


4429 Benefit Avenue, Ashtabula, Ohio 





Please direct inquiries to advertiser, mentioning MACHINE DESIGN 





Key step in the manufacture of milk cartons on Pure-Pak 
carton-forming machines is the heat-sealing of the bottom 
flaps. For eight years this manufacturer has used Fenwal 
Series 17000 THERMOSWITCH units for temperature control of 
this vital operation. Result: eight years of precise troublefree 
control. That’s time-tested performance! 

It’s typical of the hundreds of successful installations of 
immersion and surface-mounted THERMOSWITCH units .. . in 
tanks, vats, air ducts . . . for widely varying space and posi- 
tion requirements . . . under the severest conditions of shock, 
vibration, and corrosion. They’re standard units with truly 
special capabilities! 

Yet for all their ruggedness, THERMOSWITCH units are sen- 
sitive to temperature changes of only a fraction of a degree. 
Heat sensitive outer shell responds instantly and accurately. 

9 No thermal lag . . . no control error! 
The Heat ~ On Use these versatile units for control applications from 
—100 to +1100°F. They’re completely adjustable with cur- 
precisely i under rent ratings up to 10A-115VAC. 


For complete details, write Fenwal Incorporated, 197 


the dependable control Pleasant Street, Ashland, Mass. 
of Fenwal Standard Thermoswitch® Units 


Compact, totally-enclosed Fenwal THERMOSWITCH units pro- 
vide positive, service-free control of heat-sealing operation 
on this Pure-Pak carton-forming machine. 





CONTROLS TEMPERATURE... PRECISELY 
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IS FOR PROFIT 


in HEINZE 
P MOTORS 





You profit from exceptional low price 
and trouble-free performance in Heinze P 
Motors. These single coil 2 pole induction 
motors have a wide variety of applications, 
including pumps, fans, projectors, vending 
machines, space heaters, toys and appli- 
ances. Seven standard models have horse- 
power ratings of 1/500, 1/375, 1/250, 
1/150, 1/100, 1/80 and 1/50 — for con- 
tinuous duty. They provide slightly better 
ratings for intermittent duty. Free speed 
is 3400 rpm. Voltage is 115 or 220, 50/60 
cycle. Rotation is CW or CCW. 


Send coupon for new catalog. 


ELECTRIC COMPANY 
685 Lawrence St. 
Lowell, Massachusetts 


SUB-FRACTIONAL HORSEPOWER MOTORS AND BLOWERS 


Heinze Electric Company, Dept. D 

685 Lawrence St., Lowell, Mass. 

Please send catalog on Heinze Sub-Fractional 
Horsepower Motors. 

Name & Title 

Company 

Street & No 

City & State 
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ance, and resistance required. Range 
of resistance is from 0.27 through 
4700 ohms. Made in a rectangu- 
lar shape, unit is 5/16 in. high x 
5/16 in. wide x % in. long, with 
1!4-in. tinned copper axial leads. 
Resistor is highly resistant to hu- 
midity. Hamilton - Hall Resistor 
Corp., 227 N. Water St., Milwaukee 
2, Wis. K 
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Adhesives 


bond polystyrene foam to 
various materials 


Two adhesives are available for use 
in bonding polystyrene, one for 
foamed-in-place polystyrene applica- 
tions and the other for bonding pre- 


LET 


foamed polystyrene. A-827-B ad- 
hesive is suitable for use with 
foamed-in-place polystyrene. As- 
semblies withstand immersion in 
water at 120 F, hot-water spray at 
160 F, dry-air heat at 160F, and 
storage at —40F. R-1083-T adhe- 
sive is used for bonding prefoamed 
polystyrene shapes to themselves, to 
polystyrene sheet, or to steel, alumi- 
num, Transite, Formica, and other 
materials. Adhesive has no notice- 
able stress-crazing effect on polysty- 
rene. Bonds withstand repeated 
simulated weathering cycles at tem- 
peratures from —40 to 160F, plus 
water immersion and salt-spray en- 
vironment. B. F. Goodrich Indus- 
trial Products Co., Div., B. F. Good- 
rich Co., Akron, Ohio. F 

Circle 670 on Page 19 


Gear Drives 


have 780 to 1.2 rpm outputs 
at 1750 rpm input speed 


Enclosed gear drives meet majority 
of application requirements for 
speed-reduction units of 125 hp and 
smaller, with output speeds rang- 
ing from 780 to 1.2 rpm at 1750 


PERFORATED 


MATERIALS 


put personality into your products 


Whenever—wherever—your products require perforated materials, you will 
find the pattern and open area “just right” for that custom-look in the vast 
selection of H & K existing dies. 

Modern facilities and H & K experienced craftsmanship, enable the per- 
forating of practically all metals, wood, compositions and plastic. Perforated 
materials can be furnished in sheets, coils, rolls or plates. Fabricating 


services include shearing, rolling, welding and forming. 


Round holes 


Square holes Herringbones 


Illustrations shown 
in reduced size 


Slots Oblong holes 


Functional or Decorative Uses 


H & K fills every need for perforated materials. Appropriate perforated metals 
can be ordered with color anodized, brushed and lacquered, painted, chrome 


plated, baked-on, or other special finishes. 


Maiy patterns in steel sheets (industrial or decorative) are in stock at our 


warehouses. Send for H & K Stock List Brochure. 


Write for General Catalog No. 75, Today! 


THE * e 
J-Jarrington & Wing 
PERFORATING CO. 
New York Office and Warehouse 
114 Liberty Street, Dept. MD 
New York, New York 


Chicago Office and Warehouse * 
5670 Fillmore Street 
Chicago 44, Illinois 


Decorative patterns 
FIND NEAREST 
Hak AGENT 
we 
INC. Yellow Pages 


Listed Under 
“Perforated Metals” 


Circle 521 on Page 19 





NEW PARTS AND MATERIALS 





Snap-ring grooves in this 12” O. D. 
thin-section Reduction Drive Gear are 
machined before carborizing and harden- 
ing. Both spline and gear teeth are 
ground and keld to .001” excentricity 
after hardening the entire gear. 








rpm input speed. Drives are rated 
in accordance with all applicable 


When you 
standards of AGMA. Heat-treated 


helical gears give high capacity, | 
high shock resistance, and extra 
wear life. Foot-mounted, flange- | 


mounted, and extended flange, 

straight-line units are available as | n 
integral-type gear motors, with mo- f f t 

tor and speed reducer forming an or pro i S, 
integral assembly, as all-motor-type | 

gear motors, with standard motor 

coupled to input shaft of speed re- 

ducer, and as separate speed reducer 

units. Wagner Electric Corp., 6400 


Plymouth Ave., St. Louis 14, Mo. I 
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Fasteners 


are available in 
larger diameters 


MACHINE AND GEAR CO. 


Dept. 83 West Springfield, Mass. 


Addition of Huckbolt fasteners in 


% and %-in. nominal pin diame- Men who now will tell you that custom 
ces : * a eg “hes me | precision gears made by Perkins can 
onsale : of ~ in! onnt pom d This Handy Gear Cal- eliminate many design, production and 
sizes are produced in = ehumi- preva Rng A maintenance headaches — literally help you 
po ees AISI ; a ot Se lustrating Perkins cus- drive for better profits. When you want precision 
an -series stainiess steel. ew tom precision gears : : . * oe 
i for i ili oo Seat | ead deletes alleen gears in experimental or production quantities, 
re Te eee te eee a gpg a chances are you'll save time and money by checking 
a Model oe and Moe 7 silted: 5 with Perkins first. What is your gear problem today? 
ydraulic installation tools, an e 
Model 905 Powerig, a portable hy- 
draulic-power unit. Huck Mfg. Co., 
2480 Bellevue Ave., Detroit 7, 
Mich. H 
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Toggle Switch 





measures only Most machining operations on this 
4, x V4 in. at base Drive Gear Shaft are performed after 


si 2 he localized hardening with the cored 
Miniaturized two- position toggle areas at Rockwell C42. External spline 


switch provides dependable opera- and gear teeth are ground with hese 
tion in temperature range of —65 held to precision tolerances. 
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ANGLgear 
solves 
90° 


melah a: 





Simplified drawing, based on photo, shows ANGL- 
gear installation on Cleveland Punch and Shear 
Works Co. power press. Compact, universal-mount- 
ing ANGLgears provide safe, positive 90° drive 
for press limit-control switches 


Cleveland Punch and Shear 
Works Co. engineers selected 
ANGLgears to actuate limit 
switches on Cleveland punch 
presses for these reasons: 
First, it was essential to have 
direct-connected, lagfree con- 
trol of press stroke to elimi- 
nate any chance of over-runs 
and consequent injury to oper- 
ators and expensive dies. Sec- 
ond, the necessary right-angle 
drives had to be extremely com- 
pact, easy to install, and vir- 
tually maintenance-free. 
ANGLgear met these specifica- 
tions and Cleveland has con- 
tinued to purchase the unit. 
If you have a 90° power take- 
off problem, investigate ANGL- 
gear. Completely enclosed, per- 
manently lubricated ANGL gears 
are available from stock in %, 
1,2% and 5 hp 

ratings, with 2 

or 3-way shaft- 4 


ing, and 1:1 or : 
2:1 gearing. 
. 


See our literature in Sweet's product 
design file; then contact your local 
distributor or write direct. 


Engineered Equipment for Aircraft and Industry 


AIRBORNE ACCESSORIES 
CORPORATION 
HILLSIDE 5, NEW JERSEY 
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s 
500 
AL _.s00--" 


to +200 F. Switch, 2TMI1-T, meas- 
ures only 4 x /% in. at base and 
weighs 41/, gm. Integral terminals, 
gold-plated stationary contacts, and 
high contact force provide low cir- 
cuit resistance. Applications in- 
clude use on aircraft panels and 
survival kits, geophysical equipment, 
printed-circuit and transistorized de- 
vices, and portable communication 
gear. Contact arrangement is DPDT, 
and electrical rating is 7 amp resis- 
tive, at sea level and 75,000 ft. 
Micro Switch Div., Minneapolis- 
Honeywell Regulator Co., Freeport, 
Ill. K 
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Silicon Rectifier 


wafer-type unit provides 
high current in small space 


Used in the manufacture of radio 
receivers, television sets, phono- 
graphs, tape recorders, sound-movie 
projectors, and electronic instru- 
ments, wafer-type silicon rectifier, 
called No. 40E5, is an epoxy-ce- 
ramic-encapsulated silicon diode. 
Unit provides high current in small 
space, does not short, is rugged and 
reliable, and withstands very high 
temperatures. Rectifier handles 750 
ma with resistive load. It has a 
rating of 500 ma with capacitive 
load and peak inverse rating of 400 
v. Old unit of comparable rating 
is shown at left. Silicon Rectifier 
Div., Audio Devices Inc., 620 E. 
Dyer Rd., Santa Ana, Calif. L 
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THE WAYNE PUMP COMPANY 
Industrial Division 
FORT WAYNE 4; Indiana 
Division of Symington Wayne Corporation 
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ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Analog Computer 


transistorized unit 


has high reliability 


Low-cost analog computer is capa- 
ble of performing 95 per cent 
of routine mathematical operations 
encountered in normal design calcu- 
lations. Known as Pace TR-10, 
unit is 15 in. wide, 17 in. deep, and 
24 in. high; it weighs only 80 Ib 


without accessories. Use of transis- 


tssssese 


MEEEE ERE er 





torized de amplifier permits compact 
size, reliability, and 0.1 per cent ac- 
curacy. Electronic Associates Inc., 
Long Branch, N. J. D 
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Drafting Machine 


for use on any board 
at any angle 


Neoglide drafting machine is de- 
signed for use on any board at any 
angle without need of adjustment. 
Enclosed counterweight unit pro- 
vides positive counterbalancing at 
all board angles from horizontal to 
vertical. Head responds immedi- 
ately to light index-finger pressure. 
Reinforced U-beam construction of- 
fers rigidity, strength, and accuracy 
while retaining clear, simple design. 
All components are assemblied 
within U-beam channel, protected 
from accidental damage or exposure 
to dust and dirt. Major moving 
parts are equipped with nylon 
wheels that ride on rigid hidden 
tracks. Protractor head operates on 
touch-control method for angle se- 
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ALLOY STEEL 


PA RTS 


to your precision 
specifications 


PRECISION 
COMPONENTS 


for 


Zz 
\ PRODUCTS IN / 
y 


\ EVERY FIELD 
REQUIREMENTS x G 
b 

delivered ON TIME...by -§- as 


VOLUME 





CONTRACT DIVISION 


ATKINS 


Call on ATKINS’ complete production facilities and more than 100 
years’ design and manufacturing experience to supply flat alloy-steel 
parts for your product. 

ATKINS will produce parts of any size or hardness, machined to 
any desired finish or tolerance . . . for automotive, aircraft or indus- 
trial engines and frames . . . machinery, presses and many other items 
of equipment. Typical ATKINS parts are clutch plates, valve discs, 
torsion bars and springs; flat steel machine parts; bars, spacer rings 
and washers; discs, knives and blades for any cutting or scraping 
operation. 

Prompt delivery to meet your production schedule. Engineering 
service available. 











Address inquiries, including full specifications 
and/or blueprints, to 


ATKINS B-W Contract Division 


BORG-WARNER CORPORATION 
INDIANAPOLIS 9, INDIANA 


Our SECOND CENTURY of Service to American Industry 
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Whether 
gear bos as 
this re- 
dm or 
foduced 
es, it will 
to talk to 


For the complete 
service ... design 
... development... 
manufacturing ...on 
special gear as- 
semblies (sample 
illustrated) call 
Sewall. 


This horizontal gear 
reducer is Sewall-built 
for unusually rugged 
service. Sewall engi- 
neers thrive on special 
and unusual require- 
ments. Tell us yours! 


untiy! 


A new Sewall Service .. . designing, 
development and manufacturing... 
to help solve your special gear box 
problems... effectively . .. eco- 
nomically. We’re ready to work with 
you at any stage of your project’s 
development. 

From scratch ... our gear box 
designers will go to work for you 
right now. Give us a rough outline 
of your idea. We’re staffed and 
equipped to design and manufacture 
gear boxes whatever the size and 
description of your requirements. 

To your specifications . . . let us 
submit our quotation on producing 
your order in strict accordance with 
your prints. Sewall gear boxes are 
made by men who are fussy about 
specifications. Your order must be 
delivered as scheduled . . . priced 
right. Let us hear from you! 

Sewall’s complete gear service can 
help you... custom made gears... 
made-to-order sprockets... special 
gear racks—to order... standard gear 
racks in stock. 


(le 


E. B. SEWALL MANUFACTURING COMPANY 
705 Raymond Avenue, Dept. A, ST. PAUL 14, MINNESOTA, Midway 5-7721 
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lection. Machine is easily raised 
to any height off board, and beam 
can be lowered into same position 
from which it was raised without 
disturbing settings. Unit fits all 
standard board sizes, with others 
available on special order. Charles 
Bruning Co., 1800 W. Central Rd., 


Mt. Prospect, III. J 
Circle 676 on Page 19 


Diazo-Type Intermediate 


contains nonreproducible 
phantom blue images 


Easily readable phantom blue 
images on 206 PBT prints do not 
block actinic light and will not re- 
produce. Pencil or ink lines sub- 
sequently drawn in over blue lines 
do reproduce. The diazo-type in- 
termediate paper has a variety of 
uses. Frederick Post Co., Box 803, 


Chicago 90, IIl. J 
Circle 677 on Page 19 


X-Y Recorder 
has high writing speeds 
Model 670 X-Y recorder makes pos- 


sible fast, accurate recording of 
families of transistor curves, or of 
rapid mechanical dispiacement, ve- 
locity, and acceleration. Traces are 
made by an ultraviolet light beam 


MacHineE DesicN 
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on 8 x 8-in. charts, loaded behind 
hinged front panel monitoring 
screen. Writing speeds in excess of 
2500 ips can be attained with unit. 
Over-all frequency response is 3 db 
down at 130 cps and is independent 
of amplitude. Linearity is 1 per 
cent of full scale. Unit can be 
housed in portable case or rack 
mounted. Industrial Div., Sanborn 
Co., 175 Wyman St., Waltham 54, 
Mass. B 
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Vertical File 
holds 150 single sheets 


per linear foot 


Redesigned vertical file combines ad- 
vantages of vertical filing with con- 
venience of handling only one 
sheet at a time. It permits filing 
150 individual sheets up to 42 in. 
wide in one linear foot. Each sheet 


is attached to an aluminum hanger 
with aluminum foil adhesive fasten- 
ers. Hanger is notched to fit a 
rack which cen be mounted on wall 
at height d:‘ermined by length of 
sheets to be iiled. Once inserted in 
rack, hanger cannot be jarred loose, 
yet is easily inserted or withdrawn. 
Plan Hold Corp., 5202 Chakemco 


St., South Gate, Calif. L 
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Portable Photocopier 


handles papers and films 
to 9 in. wide 


Nine-inch portable photocopier can 
be used in diffusion transfer or 
single-sheet, multiple-copy process. 
It handles papers and films up to 
9 in. wide in any length. Plastic 
container of ready-mixed solution 
fits inside hinged lid at rear of 
machine. Unit has built-in com- 
partments for negative and positive 
papers or film. It is especially suita- 
ble for use with transfer papers, 
when used under fluorescent light- 
ing or diffused daylight. 
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The body of the missile, essentially one big fuel tank, is 
similar in principle to an inflated football. Convair-Astro- 
nautics broke new ground in missile design by developing a 
super-strong structure with a comparatively thin stainless 
steel skin to keep weight to a minimum. This stainless steel 
skin is so thin that the interior has to be pressurized to 
preserve the shape of the body as propellants are consumed 
in flight, or when the missile is being transported on the 
ground. 

Some critics, however, thought the body was too fragile— 
“You could dent it with a hammer.” So, recently, when the 
Scientific Advisory Board, engaged in a re-evaluation of all 
missile programs, arrived at Convair-Astronautics to take a 
reading on the ATLAS, they found that Convair had thought- 
fully placed a number of hammers within easy reach of a 
finished missile. ‘Go ahead, bash it,” invited Convair. The 
SAB members swung lustily. Not a dent was registered, for, 
although the walls are thin, the stainless has a minimum 
tensile strength of 200,000 psi. 

This stainless steel skin material, supplied by Washington 
Steel, required extremely close control of mechanical proper- 
ties and gauge tolerance which are regularly produced through 
Washington Steel’s long experience with precision rolling 
equipment. 


Stainless Steel—the Space Age Metal 


Washington Steel 


Corporation 
7-E Woodland Avenue 
Washington, Pa. 
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WOOD’S V-DRIVES OFFER 


POINT 
SUPERIORITY 





MOST WIDELY USED SHEAVE DESIGN ... Wood’s stock 
“Sure-Grip” sheaves are manufactured from sound, very high 
strength castings. Grooves are carefully machined to a fine finish 
to prolong belt life. Accurate balance assures maximum drive life. 
For sheaves of special design or materials (such as ductile iron), 
Wood’s not only will manufacture to your specifications but, be- 
cause of extensive pattern stocks and modern foundry facilities, 
may fill your needs at lower cost. 

INTERCHANGEABLE BUSHINGS . . . Wood’s “Sure-Grip” 
bushings are of the most universally used interchangeable type. 
They are easily and simply installed and removed. 

MATCHED V-BELTS. .. Wood’s “Sure-Grip” V-Belts incorporate 
the newest and strongest synthetic or steel cable tension members 
to assure highest carrying capacity and unequaled dimensional 
stability. They pull together regardless of number or size. 


AVAILABILITY ... Wood’s offers one of the widest selections of 


standard and fractional horsepower types available from stock. 


WRITE FOR CATALOG 197 (STANDARD HORSEPOWER) 
AND/OR CATALOG 799 (FRACTIONAL HORSEPOWER). 


ATLANTA * CAMBRIDGE + CHICAGO « CLEVELAND + DALLAS 
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also makes positive films for use 
with positive plates for offset print- 
ing, diazo reproduction intermedi- 
ates, and transparencies for visual 
(overhead) projectors. Anken Chem- 
ical & Film Corp., Newton, N. J. D 
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DC Power Supply 


is high-efficiency, 
transistorized unit 


New 400-cycle, ac-input, de power 
supply utilizes a combination of 
magnetic amplifiers, transistors, sili- 
con power rectifiers, and_ silicon 
zener diode to provide reliable, long 
life and excellent dynamic load 
regulation. The high-efficiency unit 
for laboratory use, Model M-1201, 
has transient regulation of +10 
per cent with step change of no 
load to full load or vice versa, and 
recovers to within | per cent of 
output voltage setting in less than 
0.1 sec. Ripple is less than 0.05 
v rms. AC input is 115/200 to 
126/220 v, and de output is 24.32 
v at 25 amp. Perkin Engineering 
Corp., 345 Kansas St., El Segundo, 
Calif. i 
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Drafting Tape 
for printed-circuit layout 


Self-sticking red plastic tape, pre- 
cut to close-tolerance individual 
shapes for: drawing printed-circuit 
masters, is designated B-225 See- 
Thru Red. Pressure-sensitive shapes 
are translucent, permitting layout 
over backlighted master grids. Tape 
surface is smooth, resolving light- 
bounce problems encountered in 
toplighting during photographic 
procedures. Tolerances of shapes 
are held to +0.005 in., and thick- 
ness is 0.002 in. W. H. Brady Co., 
727 W. Glendale Ave., Milwau- 
kee 9, Wis. K 
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These new developments are just two recent 
items added to our ever growing line of indus- 
trial timing devices which now exceeds 1,700 
controls. If you would like more information 
about the line, drop us a note requesting our 


general catalogue 


Timers that Control 


raay | EATAAY: Beat of Industry 
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NEW! scm 


THERMAL TIME DELAY SWITCH 


10-20 Amp. Capacity— SNAP ACTION 


The new Series TH Timer makes accurate switching con- 
trol of high current applications practical and economical 
for the first time! No more bulky, costly thermal switch 
and relay combinations ...no more teasing of load 
contacts in electro-mechanical circuits from slow make- 
and-break. The new Series TH Timer’s SNAP ACTION 
contacts give fast, positive switching of loads up to 
20 amperes. 

There’s a wide choice of contacts, too: SPDT, 
Double Break, Magnetic Blowout DC and others 
to match your needs. 

This new, compact timer automatically compensates for 
ambient temperature changes, by using two parallel bi- 
metal strips. Longer life comes from the rugged, totally 
enclosed cast ceramic heater. And you can adjust your 
time cycle easily with a single screw. 

Available in time cycles from 15 seconds to 2 minutes, 
the new Series TH Timers are the low-cost answer to 
switching in air conditioning, refrigeration, exhaust and 
heater controls, computers, lighting, and a host of other 
applications. 

For complete information, write today for Bulletin #900. 


EW! aa 


PUNCHED CARD PROGRAMMER 


Direct Control from Programmer to Process! 


Here’s the simple, dependable method of applying true 
automatic control to most of your manufacturing and 
operational processes . . . direct control of up to 85 indi- 
vidual load circuits through as many as 30 separate 
functions . . . with permanent, convenient 5” x 9” Mylar* 
punched cards. 

Operation from any switch closure makes this electro- 
mechanical card reader easily adaptable to a variety of 
control systems, including analog, digital, temperature, 
feed-back, photoelectric, time and many others. Already 
in use for a wide variety of industrial and military appli- 
cations, these flexible units are easily modified to meet 
your particular requirement. 

For more information, write for Bulletin #100. 


AFFILIATE — LINE ELECTRIC COMPANY 


INDUSTRIAL TIMER CORPORATION 


1413 McCARTER HIGHWAY, NEWARK 4, N. J 


, 
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cylinder 
doliars 
do extra duty 


m 04 
Adjustable 
Stroke 


Components 


Air—150 psi 
Hydraulic up to SOO psi 
Meet JIC standards 


UST a turn of the end on the adjust- 

ing rod and the stroke of this versatile 
O-M Cylinder is lengthened or shortened 
to fit the operation. This is accomplished 
with micrometer accuracy in a moment 
from the outside of the cylinder without 
disassembling or unmounting the unit or 
extra parts. Thus, you get the advantage 
of a special cylinder with no additional 
cost. 


OTHER ADVANTAGES. Fits where 
others won’t. All-steel construction with 
bearing surfaces of bronze. Designed 
right to seal right. Rod has high yield 
point. Can be disassembled and assem- 
bled faster than tie-rod types. Delivers 
continuous, smooth, dependable power 
at low or high speeds. Port can be ori- 
ented to any position. End plugs are 
tapped for universal mounting. 


Available in a complete range of sizes 
(1%" to 8” bores) with standard, 2 to 1 
or oversize rods. Also full line of mount- 
ing brackets interchangeable bore for 
bore. Immediate delivery on many sizes. 


Mail coupon TODAY for Bulletin 112 
featuring O-M Adjustable Stroke Air 
and Hydraulic Cylinders. 


ORTMAN-MILLER 


MACHINE CO. l 
7 143rd Street, Hammond, ind.I 


( Heve representative call 
(C) Send Bulletin 112 


Position. 











Zone___State. 
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| chemists, 


THE ENGINEER’S 


Library 


| Recent Books 


Collective Bargaining as Viewed by Un- 
| o.ganized Engineers and Scientists. By 
John W. Riegel, professor of industrial 
| relations, University of Michigan; 105 


| pages, 6 by 9 in., clothbound; available 
| from Publications 
| The University of Michigan, Ann Arbor, 
| Michigan; $4.00 per copy. 


Distribution Service, 


This report presents and discusses 
the responses of 264 nonsupervisory 
professionals to the question: “What 


is your opinion of collective bar- | 
_ gaining for professional employees | 


like yourself?” Professional society 
action was mentioned in several an- 
swers and is also discussed. 


Employees of eight industrial com- | 

| panies and two public utilities were | 
questioned. Engineers and scientists | 
are not organized for collective bar- | 

| gaining in any of the ten compa- 
| nies. Interviewees worked in depart- | 
ments producing for consumer mar- | 

| kets. Scientists interviewed included | 
metallurgists, | 
| biochemists, biologists, and physi- | 
cians. Also questioned were me- | 
| chanical, electrical, chemical, civil, | 


physicists, 


automotive, and electronic engi- 


; neers. 


Applied Descriptive Geometry. By 
Frank M. Warner, professor emeritus of 
general engineering, University of Wash- 
ington, and Matthew McNeary, professor 
of engineering graphics, University of 
Maine; 243 pages, 61/, by 914, in., cloth- 
bound; published by McGraw-Hill Book 
Co. Inc., 330 West 42nd St., New York 
36, N. Y.; available from MacHINE 
Desicn, $5.25 per copy postpaid. 


Analysis and solution of three- | 
dimensional problems are taught by | 
using principles of orthographic, or | 


multiview, projection. Point, line, 


and plane problems are solved by | 

the auxiliary-view method. Other | 
| chapters discuss revolution, graphi- | 
| cal manipulation of vectors, and 
| curved lines and surfaces. 
theorems have | 


Definitions and 
been modified in this fifth edition. 
Additional subjects covered are visi- 








to Cockpit 
to Control 


When a test pilot rockets into the outer 
atmosphere for the first time driving ex- 
perimental craft such as North American’s 
X-15, he’ll feel as though he’s been there 
before. 
Before his first actual flight, the pilot trains 
for many hours in “dry land” rocket craft. 
There, he learns to cope with upper atmos- 
phere problems as posed by an analog 
computer. Every time he touches a control, 
the computer responds and the result ap- 
pears on the instrument panel in the train- 
ing cockpit. The entire bank of instruments 
reacts as though he were really “up there.” 
In this way, the pilot meets every conceiv- 
able situation long before he takes his 
powerful bird aloft. 
And what does Spectrol have to do with 
this important training program? 
Spectrol makes the link that joins the com- 
puter and the bank of instruments in the 
cockpit. This link, known as a servo re- 
peater, translates the computer’s informa- 
tion into meaningful dial readings. As you 
know, such information must be trans- 
ferred quickly and accurately. 
Spectrol servo repeaters do just that. Key 
specifications for a typical unit now in 
production are: 
Maximum velocity: 360°/sec 

Acceleration in excess of 7000°/sec? 
Static accuracy better than 0.25 deg. at output shaft 
Other applications for Spectrol packaged 
servo repeaters include dial drives on GCA 
equipment, airborne computers and dec sys- 
tems in general. 
Spectrol PRECISION MECHANISMS 
free the systems engineer from building 
functional sub-assemblies. If you need pre- 
cise logical system modules combining in a 
single specification sub-assemblies using 
components such as gear drives, clutches, 
precision potentiometers and servomotors 
—Spectrol can help. 
For complete information, call your near- 
est Spectrol engineering sales representa- 
tive, or address Dept. 577. 


14 


ELECTRONICS CORPORATION 
1704 SOUTH DEL MAR AVENUE « SAN GABRIEL, CALIF. 
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bility, coplanar vectors, and fairing 
of complex double-curved surfaces. 


New Standards 


American Standard, ASA Y14.17-1959, 
Fluid Power Diagrams, American Draft- 
ing Standards Manual. 24 pages, 8% by 
11 in., paperbound, stapled; published by 
and available from The American Society 
of Mechanical Engineers, 29 West 39th 
St., New York 18, N. Y.; $1.50 per copy. 


Drafting procedures are outlined 
for drawings of fluid-power systems 
that use gas or liquid fluids within 
enclosed circuits. Explanatory notes 
and data which must usually ac- 
company symbols and lines are ex- 
plained in detail. 

Four types of diagrams covered 
are pictorial, cutaway, graphic, and 
combination. Standard symbols for 
each type illustrate components, pip- 
ing, power, capacity, and other rat- 
ings. Standard drafting practice is 
used for line conventions, lettering, 
sheet size, and title block. 


Association Publications 


Symposium on Basic Mechanisms of 
Fatigue—STP 237. 121 pages, 6 by 9 in., 
clothbound; published by and available 
from American Society for Testing Ma- 
terials, 1916 Race St., Philadelphia 3, Pa.; 
$3.75 per copy. 


Six papers discuss fatigue dam- 
age caused by such mechanisms of 
failure as dislocations, internal fric- 
tion, crystalline and _ structural 
changes, and surface disintegra- 
tions. Levels of observation used 
to define “basic” mechanisms are 
visual, microscopic, and hypothet- 
ical or submicroscopic. The statis- 
tical nature of material behavior 
under cyclic loadings is emphasized. 


Government Publications 


OTS Technical Report. Copies of the 
report listed below are available from Of- 
fice of Technical Servics, U. S. Dept. of 
Commerce, Washington 25, D. C. 


PB 151041, Reliability Prediction and Test 
Results on USAF Ground Electronic Equipment. 
By Joseph J. Naresky; 20 pages, 8 by 10% 
in., paperbound, side-stapled; $0.75 per copy. 

A technique is described which enables a de- 
signer to predict quantitative reliability of elec- 
tronic equipment in the field. Application of 
the method to representative items of equip- 
ment, comparison of predicted figures with 
those obtained by laboratory and field tests, 
analysis of results and their usefulness, and 
recommendations for refining and improving 
the technique are discussed. 
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Speed Reducers 


Gears and Speed Reducers 
for your power transmission needs 


H & S offers a complete line of 
Speed Reducers. Single, double 
and triple reduction types using 
Herringbone and Helical gears 
provide ratios from 2.31 to 1 up 
to 429 to 1; Worm gear reducers’ 
ratios range from 3.56 to 1 up to 
10,000 to 1. H&S has also become 
a leader in engineering and build- 
ing special drives with space- and 
cost-saving features. 


Industrial Gears, large or small, 
backed by over 70 years experi- 
ence: Spur Gears up to 160” dia.; 
Spur Racks up to 12 ft. long; Heli- 
cal Gears up to 125” dia.; Sykes 
Herringbone, up to 60”; Straight 
Bevel, up to 77”; Worm Gears up to 
60” dia.; Sprockets, up to 48” dia. 
H & S Gears are available in Steel, 
Cast Iron, Ductile Iron, Bronze, 
Rawhide, Fibroil, or Bakelite. 


Send for Speed Reducer Catalog No. 55, Gear Catalog No. 57. 





THE HORSBURGH & SCOTT)\ CO. 


GEARS AND SPEED REDUCERS 
5112 Hamilton Avenue « Cleveland 14, Ohio 
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LOW HANDLE LOAD —— 
(ONLY 12 LBS. FOR 2” VALVE 
AT RATED PRESSURE.) 





90° TURN OF HANDLE. 
POSITIVE STOPS ON 
EXTREME POSITIONS. 
DETENT STOP IN CENTER 


(OPEN CENTER OR CLOSED CENTER 
FLOW PATTERNS.) 


STAINLESS CONSTRUCTION 
THROUGHOUT 


LARGE BALL THRUST BEARING 
FOR EASY OPERATION. 


LEAK-PROOF “SHEAR-SEAL” DESIGN 


This, new four-way valve series comes in pipe sizes from 
Y4 to.1 inch, but may be obtained with tube, AND 10050, 
or any preferred special high pressure connection. It will 
withstand surges of up to 15,000 P.S.I. without damage 
to the valve’s sealing qualities. It is designed for a burst 
pressure of 30,000 P.S.I. 


No port to port leakage occurs in the detented positions 
because of the exclusive ‘‘Shear-Seal” design. 


Long, maintenance-free service is assured because the 
optically flat metal to metal sealing surfaces of the seal- 
ing rings and mating rotor faces are protected by staying 
in constant intimate contact; flow is always through the 
center of the ‘‘Shear-Seal"’, never across sealing surfaces 
(as in conventional valve design). Sealing qualities actu- 
ally improve as the self aligning ‘‘Shear-Seals"’ lap them- 
selves to a more perfect fit with each valve operation. 


Of course, there is no external shaft leakage, because 
the pressure is confined to the flow passages. 


a] 


Write for Catalog 59-60 


CONTROL VALVE 
DIVISION 


arksdale valves 


5125 ALCOA AVENUE e@ LOS ANGELES 58 @ CALIFORNIA 
206 Circle 533 ‘on Page 19 ’ 
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Built-Up Rotor Structure 


In a high-speed pump rotor, high strength and light 
weight are achieved by built-up construction of steel 
plates. Rotor outside shape is determined by coaxial 











Section 8-8 











discs spaced along their centers by hub elements, and 
on their peripheries by slotted blades. The blades are 
bent out of flat to form desired shapes of fluid chan- 
nels. Patent 2,889,107 assigned to the Stalker Corp., 
Bay City, Mich., by Edward A. Stalker. 


Sensitive Flow-Regulator 












































In a fluid-flow device, slight changes of outlet pres- 
sure cause proportionally small axial motion of a cy- 
lindrical core member against the force of a helical 
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The Temperature Control Designed for Fast 
“DO IT YOURSELF” MAINTENANCE 


Right on the Job! 


Rugged simplicity of design—along 
with the direct, positive power of 
mercury-actuation — combine to 
give Partlow maintenance and per- 
formance advantages no other type 
of temperature control can hope to 
equal. 

Simplicity in the Partlow, for one 
thing, means that the control ele- 
ment can be changed at the job site 
in a matter of minutes with no other 
tool than a screwdriver . . ..‘Down 
time’’ iscut toanabsolute minimum! 

And simplicity in the Partlow 
also means the complete elimina- 
tion of fussy electronic gadgets, del- 


icate levers, hairsprings and other 
accessories that have a tendency to 
break down at the first trace of jar 
or jostle. Partlow controls are fa- 
mous for their unfailingly accurate 
performance even under the most 
adverse operating conditions. 


If you use or manufacture process 
equipment within the -30° to 1100° 
F. range, there’s a Partlow pneu- 
matic, electric or self-contained gas 
control (recording, indicating or 
non-indicating), to fit your appli- 
cation precisely. For details, write 
The Partlow Corp., New Hartford, 
New York. Dept. D-759. 


You can pay more but you can’t buy better than 


PAR TLOV 


TEMPERATURE CONTROLS 
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SEND FOR NEW 
“IDEAS” BROCHURE 


This colorful, fast-reading brochure 
highlights a few of the applica- 
tions . . . both common and un- 
usual . . . of Partlow Temperature 
Controls. 


It has particular value as a pos- 
sible “idea starter” for ever 
concerned with Suiting en- 
gineering your product line. 


For Free Brochure, circle 501 on 
Page 19. Or write us direct. 


Export Ad. Auriema, Inc., 85 Broad St., 
New York 4, N. Y. 





IT PAYS 

TO SEND YOUR 
FASTENER 
SPECIFICATIONS 

TO SPECIALISTS ... 


ERIE 


BOLTS + STUDS « CAP SCREWS + NUTS 
In Alloys + Stainless « Carbon « Bronze 


The quality of your equipment can be 
no better than the quality of its 
smallest component... one of many 
reasons why it pays to send your 
fastener specificationsto ERIE special- 
ists. Here your specifications are 
produced with watchmaker’s pre- 
cision by craftsmen whose sole busi- 
ness for almost half a century has 
been the production of fasteners to 
customer, government or national 
standards ... fasteners for railroads, 
refineries, diesels, farm and earth 
moving equipment and other heavy 
machinery. Be sure...send your fasten- 
er specifications to ERIE specialists. 


A SUBSIDIARY OF 


PEPUBLIC NOUBTAIAL 
CORPORATION 


ERIE BOLT & NUT CO. 
Erie, Pennsylvania 
Representatives In Principal Cities 
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spring. The inlet end of the cylinder is flared to pro- 
vide nearly line contact with a resilient plug. The 
plug passes fluid through holes on a diameter greater 
than the OD of the cylinder, Flow volume is adjusted 
by screws projecting outside ‘the casing. At no flow— 
zero pressure differential—the spring holds the regula- 
tor fully open. Patent 2,888,949, assigned: to Robert- 
shaw-Fulton Controls Co., Greensburg, Pa., by James 
R. Evans. 


Fine-Control Fluid-Metering Device 


Very close control of fluid flow is provided by a 
metering device in which functional parts are a porous 
body and a pisiun in the core of the porous member. 
Under’ pressure, inlet fluid fills the length of core not 



































occupied by the piston, penetrates the porous mate- 
rial, and passes to outlet. Piston position, which is 
infinitely variable, determines rate of flow. Patent 
2,887,129 assigned to Hughes Aircraft Co., Culver 
City, Calif., by Edwin B. Stear. 


Three-Speed Pulley Drive 
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Stepped-diameter clutch springs in two multiple- 
pulley assemblies enable power transmission at any one 
of three different speed ratios. The driving assembly 
has one pulley pinned to the input shaft and two pul- 
leys connected to the same shaft by pulley sleeves. 
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Every design 
engineer 
should have 
this technical 
guide to... 


Precision Balls 





For the latest technical data on 
precision balls .. . in all grades, sizes 
and materials . . . from carbon steel to 
*Pyroceram ... you will want this new 
Hartford Ball Catalog. It is the most 
comprehensive and easy-to-use guide 
on essential ball information ever 
published! Your copy will be sent 


promptly on request. Hartford wel- anne | Need a motor 


comes your inquiry on any ball appli- 


cation, standard or special. | 3 fi. that th rives on “g00k"? 


*Corning Glass Works trademark 


If your product must work with motor submersed in 
“gook’’ liquids, we'll customize a corrosion-resistant 
ben ——— of motor that performs flawlessly under sewage, oil, 
Hartford. Rigid chemicals, salt spray, or what have you. 
a hay gl Right now many a J & H motor is powering gas 
and electronic and sewage pumps under the “gookiest’’ conditions. 
ements If your motor environment, on the other hand, 
is high temperature, high humidity, fungus or 
@®eoeeannv0e02e20200080 88888 @ dust, we’ll develop a design that solves that prob- 
yg ® lem. What’s more, we’ll customize it to your prod- 
uct, provide the torque characteristics you want, 
the size and shape you need. 
tford You set the situation or condition—leave the 
PRECISION BALLS * BEARINGS rest to J & H. Our range is 44 through 5 hp, up to 
15 hp for submersibles. Call us. 


esoeee ec eoeoveeeeeeeese 
Hartford Steel Ball Co., Inc., Jack & Heinz, inc. 


COMMERCIAL MOTOR DIVISION 
96 Jefferson Avenue, W. Hartford 6, Conn. 17625 Broadway ® Cleveland 1, Ohlo 
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for 


Custom Plastics 
Extrusions 


consult 


YARDLEY 


TUBING 


Special shapes or stand- 
ard, rigid or flexible, in 
diameters from %” to 
16”. Our engineers have 
developed advanced tech- 
niques that can save time 
and money on the right 
shape for your specific 
needs. 


SPECIAL SHAPES 


We extrude any shape in a variety 
of formulations to meet a wide 
range of design and performance 
requirements. Our complete tool 
and die shop is staffed with skilled 
technicians. We maintain a li- 
brary of more than 400 section 
dies, one of which may fit your 
product design, 


FABRICATED PARTS 


We shape, flatten, curve, swedge, 
drill and perform other fabrica- 
ting operations to make plastic 
parts ready for your production 
lines. Close tolerance, absolute 
uniformity, dimensional stability 
and high-gloss finish are standard 
production requirements at 
Yardley. 


Write for Bulletin 180 — and for 
prompt quotation send us your prints 


‘iy YARDLEY PLASTICS CO. 


sua’ ~=140-142 PARSONS AVE., COLUMBUS 15, OHIO 
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| clutch springs, and a shaft sleeve. All driving pulleys 
| have different diameters and rotate at input angular 
| velocity. The two pulley sleeves have projections which 
| are engaged by external stops. When both sleeves 
| are stopped, the pulley pinned to the shaft drives at 
| low speed. Release of either stop allows an associated 


pulley to drive at its characteristic ratio. Clutch springs 


' in the driven assembly enable one of three pulleys to 


clutch the output shaft through intermediate members 


| of the driven assembly. The same springs enable non- 


driven pulleys to idle. Patent 2,885,896 assigned to 
Curtiss-Wright Corp., by Philip C. Hungerford and 
Donald R. Tomko. 


Adjustable-Displacement Oscillating Crank 


Cyclic angular displacement of a short, straight crank 
about its fixed axis, is increased by displacement, to 








Lillililéllddi 














the left, of a bell crank connected to the driving link- 


| age. The bell crank is forced left, against a coil spring, 


when it contacts a roller raised into the plane of the 
linkage. The result, as shown in the drawing at left, is 
that a substantial angle is added at one end of travel 
of the oscillating crank. This angle can be discarded 
(drawing at right) by depressing the roller out of the 
linkage plane. Patent 2,880,621 assigned to General 
Motors Corp., Detroit, by John B. Dyer and Walter D. 


| Harrison. 


Directional Fluid-Flow Regulator 


Depending on the setting of a threaded adjustment 
shaft, a floating ball closure blocks flow in one direc- 
tion and permits unrestricted flow in the opposite di- 
rection. If the adjustment shaft is turned radially in- 
ward, it unseats the ball thereby permitting flow in the 
direction formerly blocked. To make sure that excess 
adjustment does not deform the ball, a threaded pin 
can be turned in to act as a positive limit stop. Patent 
2,884,223 assigned to General Gas Light Co., Kala- 
mazoo, Mich., by Ralph D. Cocksley. 


Copies of patents briefed in this department may be 
obtained for 25 cents each from the Commissioner of 


| Patents, Washington 25, D. C. { 
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OF 

AMERICA 
Since 1934 when the Indium Corporation was 
formed and produced the first commercial 
amounts of Indium, we have gained in knowl- 
edge and in service for all conceivable uses 
for Indium. Why not write us today . . . our 
quarter-century of technical knowledge is at 
your service. 

Write to Dept. D-7 for Indium booklet: 
“INDALLOY” Intermediate Solders 


tH¢ EN DIUM. corrosion oF america 


1676 Lincoln Avenue ® Utica, New York 


a 


/ 
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Compression & Tension Type 


Aircraft cable is strung with spherical steel 

shells in a rigid or flexible housing sealed 
» with “O” rings. 3” standard bend radius. 
| %" minimum bend radius. 


Three Types: 

1. Light Duty—Compression Ult. Load 1250 
Ibs.; Ult. tension 960 Ibs. 

2. Heavy Duty—Compression Ult. Load 1650 
Ibs.; Ult. tension 960 Ibs. 


3. Extra Heavy Duty— Compression Ult. Load 
3050 Ibs.; Ult. tension 3900 Ibs. 


Positive remote controls for actuating mechanical, hy- 
draulic or other devices. Eliminate bell cranks, pulleys 
and dual cables. U. S. Patent No. 2441719. All 
world rights reserved. Send for ENGINEERING MANUAL 
No. 1551 giving complete specifications covering mate- 
rials, finishes, capacities. Please address Dept. MD-PP59. 


SOUTHWEST PRODUCTS CO. 
‘1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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- IDEA! “1 specified it for,non-sip — (4) * IDEA! “We're instolling it 
treads on our new step-stool line! ai on our cruiser line!” 





Designers are talking about 
“SCOTCH-TRED’’.. stimulating new IDEA material 
for more creative product design 


FUNCTIONAL! Textured “ScotcH-Trep’’surface has high 
capabilities in slip and skid elimination. Resilient under 
pressure . . . extra long-wearing . . . non-sparking. Decorative ! 
Modern soft colors—beige, gray, black—harmonize with any 
scheme. Versatile! ““ScotcH-TRED” conforms smoothly to 
almost any surface; can be cut with scissors, knife, or die; 
pressure-sensitive adhesive sticks at a touch. “ScoTcH-TRED” 
comes in 9” squares and in 96-foot rolls, in any width up to 
36”. See Sweet’s Product Design File insert 4b | 

Mi 


scotchetred 


BRAND 


Z NON-SLIP SURFACING 














“SCOTCH-TRED” non-slip surfacing is made in U.S.A. by 3M Co., St. Paul 6, 
Minn. Export: 99 Park Ave., New York 16. Canada: London, Ontario. 


Miianesora [finns ano \fanuractunine E> 


[7a CLIP and MAIL for FREE SAMPLE —~~—~—~—~ 





3M Co., Dept. AAX-79 
St. Paul 6, Minn. 


Please rush free sample of “SCOTCH-TRED”. 
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AT WALDRON... 
Coecials 


ARE STANDARD 
AND VICE-VERSA 


In the picture above is a Waldron #8 Cut-Out 
Coupling. It couples the power to a shearing 
machine, which takes mild steel strip from coil, 
straightens it and cuts it to lengths between 3’ 
and 24’ at the rate of 1250 feet per minute. 


This is a Waldron ‘‘special’’ because it was de- 
veloped for a particular application. Waldron 
engineers put a lot of know-how into producing 
this unit, but with their knowledge acquired 
through years of experience in dealing with many 
similar power transmission problems, it became a 
simple task. 


On the other hand, ‘'standard"’ couplings receive 
so much attention in production, that they run as 
if specially designed for the application. Waldron 
believes that the coupling is as important as the 
driver and the driven and so should receive the 
same fine forgings, machining and assembly as 
the equipment it couples. 


If you are in the market for couplings, either 
specials or standards, speak to the engineers at 
Waldron. In both cases you will be assured of the 
highest quality possible. 


JOHN WALDRON CORPORATION 


Subsidiary of Midland-Ross Corporation 
NEW BRUNSWICK, NEW JERSEY 
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MAYLINE 





MAYLINE 


for 


the Very Best 
in 
Drafting Furniture 


Specify MAYLINE 


STANDARD DRAWING TABLE 


Best for choice of tables. 
Seven styles in all. Ask 
your dealer for complete 
information and prices, 
or write directly to fac- 


tory. 
MASTER DRAWING TABLE 


a 
Symbol of Superiority 


MAYLINE CO. 


601 NO. COMMERCE ST. 
SHEBOYGAN, WISCONSIN 


V-MODEL TABLE WITH FOOTREST 
MAYLINE — 





MAYLINE 
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Formulas 

Applications 

SENT UPON REQUEST Engineering Data 
Screw Torque Data 


S Jurlevan’ ‘ge Adapter Problems 


71/NO/s General Principles 


PA 


Manufacturers of over 85% of the torque wrenches used in industry 
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ESOL NEI ED RSG ES 
t iN NEVER a Field Failure 
REPORTED! 





PU ALLE 





Kerley Engineering, Inc. has designed 
Stainless Steel Cable Isolation Sys- 
tems for over two years and there 


th CABLE ony sect oa 
EY CABLE SYSTEMS. 
wi SYSTEMS! 
« missiles . airplanes . shipping cartons . trailer systems . motors . instruments 


KERLEY ENGINEERING. INC. 


Send to your nearest field representative listed below for a free 60 page technical booklet, “Technical Notes on Cable Isolation.” 


FIELD REPRESENTATIVES 











Mr. N. W. Alexander Mr. Arthur Roberts Mr. Donald R. Morse Mr. R. V. Weatherford Mr. Paul Wallin 
The Kedford Corporation , Post Office Road Morse Electronics, Ine. Dewceo Sales, Inc. Atiantex Corporation 
__P. 0. Box 1067 Waccabue, New York 44 Addison Avenue 6919 San Fernando Road 625 McGrath Highway 
Sehnectady, New York Rutherford, New Jersey Glendale 1, California Somerville 45, Massachuset 
Mr. V. Gustay Nero Mr. Jack Heinmann Mr. J. J. Maguire 
c/o Caine Sales, Inc. The Heinmann Company 
2020 North Cieero Avenue 1711 Hawthorne Avenue 
Chicago 41, Iinois 


ts 
Mr. W. R. Frogner Mr. James Merrow 
J. J. Maguire Company Par Distributors Leuise Avenue 


742 Investment Building 12 Split Reck Read Highland Park 3, Michigan 
Minneapolis, Minnesota Washington 5, D.C Syosset, L. 1, New York 


Resists: Temperatures of 100°F to 1000°F—Humidity—Salt Spray—Fungus—Ozone 
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j 
SAVE TIME POSSIBLE ONLY 
SAVE DOLLARS 


SOLVE PROBLEMS with a 


Write today for aaa = SIGMAMOTOR 


a 
% Fa 
STA R : S ssi] siti r) Pee erat ot 7 
— MOVE CORROSIVE LIQUIDS> 
STAI N LESS HINGE < Material being pumped never comes in contact 
= with pump mechanism. Wave-like motion of steel 


fingers forces material through Tygon tubing. 
By changing size of tubing, capacity can be 
increased or decreased. Pump housing opens for 
removal and insertion of tubing. 


A 
Star SPOCiCglt,, t 


a . 
— 9 


c= QGPUMP 2 OR 3 
= “DIFFERENT LIQUIDS 
SIMULTANEOUSLY 
Some models will accommodate up to four tubes 
so that four different liquids can be passed 
‘3 through the pump at one time without danger 
RIGHT OFF-THE-SHELF® . . . < —— 
More than 30 different sizes 
and types including continu- FEED AND mixp 
ous or piano type hinges, butt One or more tubes can be feeding material 


to a mix while a larger tube is recirculating 
hinges in blank, fixed pin, the liquid to produce agitation and thorough 
loose pin types, etc. mixing. Viscous materials can be pumped 


i f i | ing. 
Wide range of variations for a Re to ool alll a yp Mee ow 
special applications. 


phone for your ae , new catalog of stainless steel St 0 ddit mee ‘ “ll 
copy RIGHT NOW. ‘“G@= _. _2@ hinges and other stainless % des fo oe cane pote Ma | maposttl chag a 
steel fastenings. . correct size of tubing and regulating pump speed. 
y oa ~" Various one can be incorporated to close 
»2° STAR STAINLESS SCREW CO. ? valves chead of pump. 
saneesien (ummm 658 Union Bivd., Paterson 2, New Jersey Re Capacities from 0.5 cc. per min. to 4.5 G.P.M. 


’ Telephone: CLifford 6-2300 Write for complete information on sizes and capacities. 
IST ULIGEE (ume Direct New York phone: Wisconsin 7-6310 


Direct Philadelphia phone: WAlnut 5-3660 SIGMAMOTOR, INC. 


26 N. Main Street . Middleport, N. Y. 
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Which Kind of SANDVIK 


SPRING PERFORMANCE 
Fits YOUR Product? 


Sandvik SPIRAL 





springs provide long-lived, 
low-cost service for 
starters, guard return 
springs, toys or tension 
devices where constant 
torque is not critical. 


FOR 
CONSTANT 
POWER 
DELIVERY 


Sandvik 2R25 stain- 
less springs are a super 
quality which give 5 to 10 
times longer performance 
than ordinary carbon steel 
springs and can take the 
corrosive attacks of vary- 
ing atmospheres too. For 
applications where per- 
formance demand out- 
ranks cost, such as in mis- 
siles, aircraft and special 
instruments. 


44 


FOR 
ORDINARY 
SERVICE 


Sandvik CROSS- 





CURVED springs have a 
dual tension produced by 
winding the spring against 
both its tempered spiral 
and against a special con- 
vex curvature across the 
width of the strip. The 
longer, more even energy 
release provides uniform 
power for timing instru- 
ments, carriage return 
springs, movie cameras 
and other high perform- 
ance applications. 





FOR ULTRA CRITICAL 
APPLICATIONS 


SANDVIK STEEL, 


. | 
awr New Jer 


oWarthmor 
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Type C — 
Linkage or 
Hinge Pin 


DRIV-LOK 
PIN 


advantages? 


Positive anchoring . . . once in 
they stay in... yet theyre re- 
usable 


Stronger, safer, solid body 


Quick installation . . . Lower 
Costs 








DRIV-LOK Pins are effecting great econ- 
omies and product improvement in appli- 
cations of every type. Easy to install — 
just drill the hole and press or drive 
them in. The fee is done —no reaming, 
no expensive hole preparation. Available 
in carbon steel in 8 standard types; also 
a wide variety of special materials. Write 
us, describing your fastening require- 
ments. Catalog and samples sent without 
obligation. 


POUL 


A AD B 


DRIV-= LOK SALES apm 


715 Park Avenue ®@ Sycamore, Illinois 
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ELECTRO-MAGNETIC 
pDIsc 


a MOUNIS 


BRAKES 








. Quietly stop 
individual 
shafts or 





motors — fast 


wLA Ktép both feet on the ground! 


For Superior Performance . . 


¥ Over 40 sizes from 1 to 575 Ib ft max. 
torque in 6 compact, standard styles. 


Vv Drip-proof, or waterproof enclosures. 

Vv Fast, positive actuation. 

Vv Installation-proved dependability. 

v Faster, easier installation — attach 
directly to shafts of double-end 
motors without couplings. 

v AC or DC operation. 

v Exclusive Stearns ‘‘Visi-wear-indica- 
tor'’. of Fully assembled. 


. Specify Stearns! 
Request Bulletins 226-H and 3502-5 


ELECTRIC CORPORATION 
Sti. 120 NORTH BROADWAY 
ie MILWAUKEE 2, WISCONSIN 
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Compact, rugged 
construction. In 
stock from 4 to 150 
CFM. Designed for 
applications where 
space and weight 
are prime factors. 
Blowers available 


without motors. Write for literature. 


? ‘ , y 
Caperiat ‘ Brough Reseatek 


[sk RIPLEY COMPANY INC. 


MIDDLETOWN, CONNECTICUT 
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HIGH FREQUENCY 


HEATING 


bh) . HARDENING 
Vf SOLDERING 
ANNEALING 

MELTING 

BRAZING 


LEPEL Electronic Tube 
GENERATORS —1 KW; 2!2 KW, 
5 KW; 10 KW; 20 KW; 30 KW; 50 KW; 
75 KW; 100 KW: 
LEPEL Spark Gap Converters 
2 KW; 4 KW; 7'2 KW; 15 KW; 30 KW. 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated poges 
packed with valuable information. 


All Lepel equipment is certified to comply with the 
requirements of the Federal Communications Commission 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


SSth STREET and 37th AVENUE, WOODSIDE 77, NEW YORK City, N. Y. 
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WHO’S SMILING? 
YOU, WHEN YOU DISCOVER THE 
DESIGN ADVANTAGES OF «ee. 
LINDBERG 
SQUAREHEAD CYLINDERS 


DESIGN IN LINDBERG 
AND...ADD ALL THESE 
FEATURES! 

and many more besides! 

















HARD CHROMED 
STEEL TUBE 





FULL FLOATING 
CUSHION 


























CERTAINLY! Your choice of mounting styles @ 7 bore sizes to 6” 
@ Built to JIC recommendations @ Standardized mounting 
dimensions. 


WANT TO SMILE AGAIN! 


FOR DETAILS OF THESE AND MANY OTHER 
FEATURES, WRITE FOR THESE BULLETINS TODAY. 


SQUAREHEAD °'S” LINE— BULLETIN S-101 
2000 PSI ‘‘H’ LINE— BULLETIN H-101 
HEAVY DUTY ‘A’ LINE— BULLETIN A-101 


for fast action on “specials” tell us what you need. 


LINDBERG air and HYDRAULIC DIV. 


TEER-WICKWIRE & CO. 
1877 WILDWOOD AVE. - JACKSON, MICHIGAN 
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* Compact Rugged Design 
+ Simple, Easy Speed Selection x For Air, Oil or Water Applications 


Pneu-Trol Speed Control Valves, are widely 
used in hundreds of control applications be- 
cause they combine in a short, compact body, 
a tapered fine thread needle for extremely 
accurate air or oil flow control and a floating 
retro ball check, which permits full flow in 
the opposite direction. Retro ball floats in 
most sensitive ition to its seat, requiring 
only a slight differential pressure to fully 
open or close it. 

Needle design permits maximum flow ca- 
pacity in the controlled direction. Metal to 
metal needle and ball seats insure long 
trouble-free service. Simple, practical “‘O” 

land structure eliminates troublesome leak- 
ng. Valve bodies machined from hex brass 
or aluminum for 2000 psi working pressures; 
steel and stainless steel for 5000 psi. Made in 
5 female pipe sizes—%” to %”. ATTRACTIVE 
PRICES . . . IMMEDIATE DELIVERY. 


Write for illustrated circular and prices. 


* PNEU-TROL 


( SION OF AUTO-PONENTS, INC. 





2925 
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TYPE D 
REVOLVING 
JOINT 


AIRLINE BOOSTER PUMP 


Lynair's Airline Booster was developed to boost 
airline pressure automatically in surge tanks or 
die cushions. Can be used for testing vessels at 
high pressure under water. By using air pressure 
up to 500 PSI instead of hydraulic pressure test- 
ing time can sometimes be cut in half. Booster 
can be furnished in ratios of 1.5 to | up to 6.25 
to 1. Booster is completely valved—just 3 pipe 
connections to be made and your air pressure is 
automatically increased to the desired pressure. 





1%” to 10” bores. Eleven 
mounting styles available. 
Steel heads, shells, piston rods 
and tie rods. Piston rod and 
shell hard chrome plated. 
Conform to /.1.C. pneumatic 
standards. 





1%" thru 10” bores. Ten E TN} 
mounting styles available. ‘a as 
Steel heads, shells, piston rods 
and tie rods. Piston rod is hard 
chrome plated. Conform to 
J.C, Hydraulic standards. 
SERIES “H" 2000 PSI HYDRAULIC CYLINDER 





Grant Street * Bellwood, (Chicago Suburb) Illinois 


We are presently seeking representation in several states, including Indiana, 
Kentucky, Minnesota, New Jersey, Tennessee, Washington and Wisconsin. 
é 


3100 £. MICHIGAN AVE. 
LYNAIR, Inc. JACKSON, MICHIGAN 
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20 TO 200 D.P. 


SEND YOUR PRINTS FOR QUOTATION 





eee cnemmmememes amy ioe em me - 
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UP TO 10,000 RPM! 


Use Barco’s new TYPE D Revolving Joints where- 
ever you need high speed, low torque, leakproof 
rotary connections for air, hydraulic, or coolant lines 
on clutches, machine tools and other equipment: 


@ LIGHT RUNNING! Ball bearing design for low torque and mini- 
mum wear. 


@ LEAKPROOF! Thanks to Barco’s static O-ring seal. 


@ PRECISION-BUILT! All parts machined to close tolerances. Parts 
interchangeable and easily renewable. 


@ COMPACT, DURABLE! Easy to install where space is limited. 
Overall length, 3'%”. Built for rugged service. 


@ WIDE SPEED RANGE! Up to 10,000 RPM. For pressures to 300 
psi (air) or 3000 psi (hydraulic). Economical TYPE E available 
for up to 2,500 RPM. SEND FOR CATALOG SHEET 308. 


BARCO MANUFACTURING COMPANY 


506H Hough Street e Barrington, Illinois 


ile 














Pi 
ER Hie Stale. 


SPURS @ HELICALS @ WORM AND WORM GEARS 
STRAIGHT BEVELS @® LEAD SCREWS @® RATCHETS 
CLUSTER GEARS @ RACKS @ INTERNALS @ ODD SHAPES 
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ROCKFORD, ILLINOIS 








1031 PARMELE ST. 





some 
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COLE-HERSEE Sudtches & Connectors 


No. 1281 Heavy Duty Polarized 
Two Pole Electrical Connector 
(Insulated or Grounded) 


min BHO 


No. 9522 Key 
No. DL-5 Dash Lamp Operated Ignition 
No. 9524 Combination No. 5053 Push Pull & Light Switch 
Rotary Ignition Fused Light Switch 
& Light Switch 


Plastic-Coated Solenoid 
Completely Waterproofed - $.P.S.T. D.P.S.T. 
Non-Breakable ‘ ' (Extra Heavy Capacity) 
Intermittent Duty Solenoid A, \ cam oo 


20 OLD COLONY AVENUE, BOSTON 27, MASS. 
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Ne@wW...electric 
clutch-pulley 


package 


—— DAMASCUS 


Magnet 


drive pin a Eee | does the job better 





Shaft extension = i Make tt te pare the prints 


Bearing-mounted 
drive sheave 


Clutch . gree that Damascus give u Sharpe | 
— ae blacker prints—as good as your drawings. | 


Reproduces beautifully on MYLAR 
Warner Electro-Sheave 


Modernizes machine drives and controls—fits all standard NEMA 
motors. Direct, low-cost method of converting to fully automatic 


| 
| 


or remote control. Fastest way <o cycle a machine drive, with — ; 

motor running continuously. Operates at any speed. Reduces | 

motor wear and power consumption. Smooth, adjustable accelera- | R Richard Be: Best 

tion. Simple to install. Five sizes, from 1 to 25 hp, available off- . 

the-shelf from all Warner distributors. Write for Bulletin P-52. Pencil Cc Om stare ny y | 
A 


———meendll eer aan fal New ler 
iV:\p3:8| Warner Electric Brake & Clutch Co. i 


Nee” Beloit, Wisconsin 
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'‘DIMCO-GRAY sto: plastic 
KNOBS...HANDLES 


' a Z ' @ 
e °& 


NO TOOL CHARGE! 


Wide selection of stock knobs, han- 
dies and plastic parts available 
without tooling cost to you! Many 
minor changes (color, design, in- 
serts, threads, special materials, 
etc.) can be made to meet your re- 
quirements. 


Wastes 
et * om 

Ot atertel | 
sso 
Goeee™- 


| _ meena 


WRITE FOR THIS 
COMPLETE CATALOG 


DIMCO-GRAY COMPANY 


204 EAST SIXTH STREET—DAYTON 2, OHIO 
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FUNK LICKED THIS 
DRIVE PROBLEM 


On this Blaw-Knox truck mixer, FUNK-designed units 
handle an unusual job in a simple way. Speed and 
flexibility were gained with a 3-speed synchro-mesh 
transmission having overdrive and underdrive. A space 
and alignment problem was solved by the unique 
design of the heavy-duty clutch case that enables the 
transmission to be offset at a 20° angle. 

Another example of how FUNK MODULAR POWER 
UNITS can solve hard power problems — easily and 
economically! Let FUNK help you! 


Box 577-F 
COFFEYVILLE, 
KANSAS 
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ENGINEERS | 


AVAILABLE OR WANTED 


























WANTED: Specialized Machine Designer for employment 
with a major Chemical Company in the Gulf Coast area. 
Applicants must be qualified and experienced ia the in- 
tricate design and application of reciprocating and rotary 
motion, energy conversion, and plastic extrusion. A thorough 
knowledge of metallurgy, thermodynamics and harmonics 
is essential. Additional experience in equipment manufac- 
turing techniques is very desirable. Send resume and salary 
requirements to: P. O. Box 88025, Houston 4, Texas. Inter- 
views arranged for qualified applicants only. All replies 
will be held in strict confidence. 


Wanted: Experienced Design Engineers. Imagination and 
resourcefulness required. To design machine parts, assem- 
blies, or complete machines, working in conjunction with a 
Research Engineer or Development Engineer. Must have 
imagination, and enjoy working on a drawing board. Must 
be able to supervise erectors or other assistants, and con- 
duct laboratory or field trials of machinery designed. Must 
be graduate Mechanical Engineer, with at least five years 
experience in the machine design field. Experience with 
textile machinery helpful, but not essential. South Carolina 
location. Positions ayailable for those who can qualify by 
experience and interest about August 1, with interviews 
being held during July. Write, giving full information of 
educational background, work experience, and earnings, as 
well as personal information of interest. All replies will be 
held confidential. Our employees know about this ad. 
Address Box 946, MACHINE DESIGN, Penton Bldg., Cleve- 
land 13, Ohio. 
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VOLUME | 
DRAFTING AIDS 


Helpful Drawing Techniques 
Simplifying Drafting Prac- 
tices 

Protecting Prints and Draw- 
ings 

Modifying Equipment for 
Extended Use 


Getting the Most from 

Drawing Instruments 
Helpful Tips and Tech- 
niques that apply to draft- 
ing practices, are now avail- 
able in this one-volume ref- 
ereace. It contains 32 
pages of practical drafting 
shortcuts 


every engineer 


can use. 


$1.00 a copy 


Order from 


MACHINE DESIGN 
READER SERVICE 
Penton Building 


Cleveland 13, Ohio 


(Remittance or Company Purchase Order 
must be enclosed with order.) 
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Challenging Engineering Opportunities 


July 9, 1959 


at CATERPILLAR 


be a part of the company building the world’s most complete 
line of earthmoving equipment 


Find the satisfaction of growth and 
stability within a growth com- 
pany — where imaginative men are 
creating products for highway 
construction — industry — farms — 
national defense — products 
which build a better world. j 
Caterpillar offers top ranking Research and Develop- 
ment opportunities — stimulating 
assignments — professional 
and personal advancement. You'll 
associate with the leaders and 
pioneers in this field — and have 
at your command the finest 
equipment, laboratories and de- 
velopment facilities. Please write us, tell- 
ing all about yourself. Inquiries 
are confidential, 
of course. 


(Below — New Caterpillar Technical 
Center presently under construction) 
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responsible positions available in 


RESEARCH — DESIGN 
DEVELOPMENT 


GAS TURBINE LABORATORY 
Design, ignition, fuel and combustion systems, 


ENGINE DEVELOPMENT LABORATORY 
Fuel injection, turbocharged engines, combus- 
tion, etc. 


VEHICLE COMPONENTS LABORATORY 
New power shift transmissions, transmissions, 
controls, clutches, final drives. 


VEHICLE DEVELOPMENT LABORATORY 
Quantitative and comparative performance eval- 
uation, soil mechanics, full scale load analysis. 


PRODUCT AND APPLICATION 
ENGINEERING DESIGN 
Engines, systems, fuel injection, tractor, trans- 
mission, vehicle configuration, earthmoving ma- 
chinery. 


SEND RESUMES TO: 
John A. Myers — MD-79 


Professional and Technical Employment 


CATERPILLAR 
TRACTOR CO. 


PEORIA, ILLINOIS 





Tips on better 
designing with 
flexible shafts 


Zé DRIVE AND CONTROL IDEAS 
FOR ENGINEERS 
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REMOTE CONTROL of valves, actuators, 
switches, indicators and other mechanical or 
Where to use electrical equipment. S. S. White standard 
: remote control flexible shafts come in four 
S. S. White different shaft diameters to handle a wide 


range of requirements. 
Standard 


P POWER DRIVE for an endless variety of appli- 

Flexible cations ... portable tools, instrument drives, 

machine tools, pumps...anywhere the 

Shafts designer needs to transmit power around 

obstructions or to movable parts, by means of 

a single, self-contained, easily applied unit. 
Four standard sizes. 


iA t} e Selection of S. S. White standard flexible 
shafts: complete description and application 
data available. Write for bulletin 5801. é 


WRITE FOR COMPLETE DATA! 


Selection of specialized flexible shafts to meet 
unusual requirements: useful shaft data and also 
S. S. WHITE INDUSTRIAL DIVISION (Dept. 4) information on how to take advantage of 
10 East 40th Street, New York 16, N.Y. S. S. White engineering services. Write for 
Western Office: 1839 West Pico Bivd., Los Angeles 6, Calif. bulletin 5601. 
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Now... 
this much 
horsepower 


in this much 
space 


New Reliance 
SUPER “IT” 
V«S DRIVES 


put more 
power into a 
35% smaller 
package 





New 50 hp. Super “T’’ VxS Control Units compared 
with 50 hp. old style drive on Reliance production line. 


You can increase usable work space and improve machine perform- 
ance with the New Reliance Super “T’ V*xS Drive. More than just a 
compact drive, the Super “T’ packs extra punch into its new small size. 


Like the Super “T’ Drive Motor, the new control unit uses Class B 
insulation, and will take repeated 100% overloads of one minute 
duration. These features plus special control apparatus design and the 
Super “T’ D-c. Drive Motor actually put more power in less space. 


This systematic design balance of power unit, drive motor and 
controls forms a fast functioning drive to provide a wide range of 
variable operating speeds from a-c. circuits. 


40—150 hp. Super “T’ Vx*S available for immediate delivery. 
Contact your Reliance Sales Engineer for delivery schedules of the 
complete line, 1—350 hp. C-1628 


Product of the Reliance Electric and Engineering Company, manufacturers of a-c. motors, Master 


Gearmotors, Reeves Drives, Super 


RELIANCE tncincrnine co. 
DEPT. 287A, CLEVELAND 17, OHIO 


Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in principal cities 


‘T’ D-c. Motors, generators, controls and engineered drive systems. 


cooaTS 
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Where tomorrow’s 
machines get 
their bearings 


THE MOST MODERN DYNAMOMETER in the bearing 
industry—with output torque of 30,000 lb. ft.—tests rear 
axles, transmissions, and other drive units, right here in 
the Timken Company’s new physical laboratory. Modern 
electronic instruments swiftly and accurately record in- 
formation on load, speed and efficiency. Besides the 
testing equipment shown on this page, there’s a 7-speed 
deflection test machine. Equipment to study fretting 
corrosion. An electronic instrument development lab. 
Profilographs that measure surface accuracy to millionths 
of an inch. This new $1,500,000 research center has 
32,000 square feet to house the latest testing equipment 
helping to make better and better bearings—solve your 
problems. 

This new laboratory is the latest example of Timken 
Company pioneering. Pioneering that has made Timken 
tapered roller bearings first for 60 years. Our newest 
project is researching the realm of ultra-high bearing 
speeds and temperature. For more information, write 
The Timken Roller Bearing Company, Canton 6, Ohio. 
Cable: ‘‘TIMROSCO”’. Makers of Tapered Roller Bearings, 
Fine Alloy Steels and Removable Rock Bits. 


Circle 403 on Page 19 


WANT TO KNOW THE RIGHT LUBRICANT FOR YOUR 
EQUIPMENT? This Lubrication Engineering Laboratory 
uses the latest techniques to compile an approved 
lubricant list for Timken bearing applications —a list 
that'll help manufacturers and users of 

machinery stretch their dollars. 


60 YEARS OF LEADERSHIP 1899-1959 


TAPERED ROLLER BEARINGS 





